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We Only Skimped OnThe Price, 

Introducing The Fluke Series 10 — From $69.- 



Actual siie; Easy to carfy, 
easy to use 



HewlMZh^k"*: For fast accurate 
checks m power sources and 
supplies, set your meter on V Chek— 
and let it do ttre rest. V Chek will 
(determine continuity/ohms; if voltage 
is pfies€nt, it wiEl automaticslly 
change modes to measure AC of DC 
volts. writct\e^»er is detected, Fdf most 
initial trout}] eshooting checks, here's 
Xht only setting you need to make. 



Fluke quality: Made in ttie USA by Fluke, 
vMh the same rugged reliability that s made 
us ttie wm Id leader in digital my !ti meters. 
Count on hard-working higtv pertormance — 
and a tv/o-year waf ranty to back it yp. 



Large, essv^lo-read display: 

4000 count dtgital readM. 




To perform fast continuity 
checks, just listen lor 
the beep; no need to mtch 
the display. 



CIRCLE 121 ON rriEE INFORMATION CARD 



New! Min/MaK record with ralative 
time stamp ani Continuity Capture"*: 
Makes intermittent probfems easier to 
find. Records higlis and lows— and 
"time stamps' when they occurrBd, In 
coritmuity mode, opens or shorn as bnel 
as 250 MS are captured and displayed. 



Capacitante: Aytorangmg from 
.001 uf 10 99&9 nF No need to carry 
a (dedicated capacitance meter, 



¥nr titgh peitormaiice at Fluke's lowest price, gtt 
your hands on the new Series 10. Slop by your 
local Fluke distnbutor and leel what a powerful 
diflerence the right muilimeier makes— at the 
right price. For a free product brocluire or the name 
of your nearest distributor, call 1-800-e7'FHJKE, 
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31 SUPER STROBE 

Use the Freeze Frame Super Strobe for exciting stop-action 
photography. 

John Simon ton and Trey Simotiton 

45 TELEPHONE HOLD BUTTON 

Add a convenient hold feature to your phone. 
Bill Green 

47 UNIVERSAL REMOTE CONTROL 

Add remote control to your projects! 
Fred Eady 

57 POWER CONTROLLER FOR AUTOMOTIVE 
ACCESSORIES 

Custonnize your car's accessories with the power-controller module. 
David J. Sweeney 
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38 COMPOSITE AUDIO POWER AMPLIFIERS 

Build high-performance audio amps using turbO'Charged composite 
amplifier circuits. 

Charles Kitchin, Scott Wurcert and Jeff Smith 

61 555 OSCILLATORS 

Put them to work in Schmitt trigger and alarm circuits. 
Ray M. Marston 
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more. 
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mystical approach. 
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Gigabyte memory storage. 
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Point-and-shoot is fine for 
snapshotSt but truly interesting pho- 
tographs require some planning and 
some extra equipment. Forinstance. 
if you want to capture spf it-second 
action, such as a drop of milk splash- 
ing into a glass, you*ll need either 
very fast shutter speeds or a good 
strobe light Our Freeze Frame Super 
Strobe Trigger uses interchangeable 
sensors, so that anything that 
flashes, pops, snaps, or reflects or 
blocks light can be used to trigger 
your camera's flash or free-standing 
photographic lights* The inexpen- 
sive, easy-to-build Freeze Frame 
lets you captu re stop-action shots for 
scientific purposes, or just because 
they're fascinating to look at. For all 
the details, turn to page 31, 
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THE DECEMBER rSSUE 
GOES ON SALE 
NOVEMBER 3. 

BUILD A HIGH-TECH CHRISTMAS ORNAMENT 

You'll be sure to want our best-ever ornament hanging on your 

tree! 

COMPUTER MONITORS 

A look at the history, technology, and future of computer 
monitors. 

MODEM/FAX PROTECTOR 

Protect your telephone equipment from electrical transients on 
the phone line. 

THE 555 TIMER 

Sttll more uses for this versatile IC. 
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Here's PB-503-C. It has every feature that our famous 
PB*503 offers, but we added one more, portability. 
Work on your projects at the office or school, take it 
home at night... it's for the engineer or student who wish 
to take their lab with them. Instrumentation, including 
a function generator with continuously variable sine, 
square, triangle wave forms and TTL pulses. 
Breadboards with 8 logic probe circuits. And a Triple 



Power Supply with fixed 5VDC, plus two variable 
outputs (+5 to +15VDC). Throw-in 8 TTL compatible 
LED indicators, switches, pulsers, potentiometers, 
audio experimentation speaker,., plus a life-time 
guarantee on all breadboarding sockets! And, because 
it's portable you will always have everything you need 
right in front of you! PB*503-C, one super test station 
for under S350! Order yours today!! 



IFOR MORE INFORMATION 
CALL 1-^800-572-1028 
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IT'S NOW OR NEVER 



Now. This moment, this instant— it lives but a microsecond. Then it 
moves on and changes and becomes something new and different 
and better 

Thats exactly what our magazine — our magazine, yours and 
mine — is doing. I grew up on Radio-Craft and RadiO'Electronics. 
You ve probably grown up on RadiO'Electronics. The next 
generation of electronics professionals may not even remember 
RadiO'Electronics, but they will know Electronics Now. For this 
new, yet old, publication will be their introduction to electronics. It 
will be their primer, their teacher, their guide, their companion. It 
will travel with them through their career just as Radio-Electronics 
has through yours. As long as there are electronics professionals, 
as long as there are people who follow the wonderful ever- 
changing world of electronics, Electronics Now will be there. 

Electronics Now is not a new magazine, it is simply a refinement 
of what has always been. It's an evolution to something better, 
something wiser, something stronger A magazine more closely 
matched to electronics today Carefully designed, tailored and 
directed by selected experts who can point you, our reader, 
through our pages, toward tomorrow. 

Electronics Now is your magazine. It is the culmination of almost 
100 years of progress from the Electrical Experimenter to Radio- 
Electronics and finally Electronics Now. 

If our founder, Hugo Gernsback, were here today, he'd probably 
note that we should have acted sooner Perhaps he would have 
been right. But no matter what, we know we are correct in taking 
you and us on this new adventure. Join us as we go. Revel in the 
excitement of today and the adventure of tomorrow. Tell us what 
you like, what you hate, what we should do, and what we 
shouldn't. 

Write our editors, contact our bulletin board, send me your ideas, 
comments, and criticisms. Help us make Electronics Now exactly 
the kind of magazine you know it should be. And never forget we 
may now bear the name Electronics Now, but at heart we are 
Radio-Electronics, Radio Craft, Shortwave Craft, Television, and 
the Electrical Experimenter, 




Larry Steckler, EHF GET 
Editor-in-Chief and Publisher 



WHAT S NEWS 



A review of the latest happenings in electronics. 



20 thousandth Associate 
Technician certified 

Garry D. Streeter of Tacoma. WA 
has become the 20 thousandths 
Associate Technician certified by 
the International Society of Cer 
tified Electronics Technicians (IS- 
GET). Mr Stneeter scored 96% on 
the ISCET examination given on 
June 10th at Bates Technical Col- 
lege in Tacoma. 

An employee of Spectroscopy 
Specialties, lnc.» a company that 
manufactures laboratory equipnnent 
for atomic research, Mr Stneeter is 
26 years old. He ser^d in the U.S, 
Navy for six years as a fire control 
technician. 

The Associate Exam, which has 
now become the standard for judg- 
ing the competence of electronics 
technicians by industry, commerce, 
and the U.S. Govemnnent. covers 
basic electronics theory and prac- 
tice. Subject matter includes math- 
ematics, physics, electronic funda- 
mentals, semiconductors, circuit 
theory, troubleshooting, and net- 
work analysis. Journeyman CET op- 
tions are available in the specialized 
sectors of audio, communications, 
computers, consumer electronics, 
industrial, video, medical, and radar 

Information on ISCET Associate 
and Journeyman CET exams is can 
be obtained from ISCET, 2708 West 
Berry Street. Fort Worth, TX 79109 
(817-921 9101). 

FCC approves video 
transmission by phone 

Telephone-operating companies 
applauded but cable TV companies 
were miffed by the June 1 7th deci* 
sion of the FCC to grant the telco s 
the right to transmit TV programs 
and video services over phone 
lines. The decision lifted previous 
restrictions that had kept the phone 
companies fram competing with the 
cable TV industry. 

The FCC ruling also set the 
ground rules for the operation of a 



class of wireless communication 
devices — ^pocket phones, wireless 
facsimile machines, handheld com- 
puters, and advanced pagers. It 
also decided that HDTV will shaiB 
the UHF spectrum with conven- 
tional television. The ruling ts intend- 
ed to spur competition between 
telephone and cable companies. 

The ruling by the Government is 
expected to encourage local tele- 
phone companies to accelerate the 
upgrade of their systems with new 
equipment to handle video ser- 
vices. According to FCC chairman 
Albert Sikes. the initiatives could 
produce billions of investment dol^ 
lars and thousands of new jobs in 
the next year It was recognized 
however, that it m^ take years be- 
fore the phone companies master 
the technology needed to provide 
video pfTogramming over phone 
lines cost effectively. 

That delay ts attributed to both 
technical and political reasons. Al- 
though video compression tech- 
nologies are now available, com- 
plete fibenoptrc networks are seen 
as a necessary— and expensive- 
requirement. It is estimated that re- 
placing the nation's existing copper 
wiring with fiberoptic cabling could 
cost more than $100 billion. Also 
impeding the phone companies en- 
try in the cable TV arena is a federal 
law that prohibits them from owning 
cable programming equipment. The 
FCC ruling, however, allows a tele- 
phone company to own up to 5% of 
a cable company. 

Centel commercializes dual- 
mode cellular phones 

Centel Cellular Company , Chi- 
cago. iL, became the first U.S. 
cellular carrier to offer dual-mode 
cellular phones incorporating 
Motorola s Narrow-Band Advanced 
Mobile Phone Service CNAMPS). 
Centel demonstrated its NAMPS 
capability recently in a successful 
trial in l_as Vegas, NfV. NAMPS is a 



digitally enhanced analog tech- 
nology that is said to triple the ca- 
pacity of existing analog systems. It 
is expected to smooth a service 
company's transition to a digital cel- 
lular network. 

The NAMPS digital enhance- 
ments associated will allow Centel 
to offer its customers digital mes- 
saging services including alpha- 
numeric paging and voice mail 
notification. It can also provide 
mobile reported interference (MRl) 
which reduces the incidence of stat* 
ic interfefence and lost phone calls 
by allowing a phone experiencing 
interference to request a hand-off to 
a clear channel automatically 

NAMPS" ability to allow frequen- 
cies to be cleared for other wireless 
applications will ease the transition 
to all-digital systems. The dual- 
mode mobile and portable phones 
look and feel the same as standard, 
analog units, but they can operate 
on either analog or digital cellular 
systems, 

Blye4ight laser promises 
higher CD data density 

The blue-light solid-state laser 
could be a commercial reality in the 
near future. Both 3M and Sony have 
demonstrated their devices that 
could triple the amount of music or 
data be stored on CD's by the end 
of the decade. 

The blue-light laser is expected to 
replace the red-light emitting lasers 
now widely used in CD players. Blue 
light has a shorter wavelength than 
red. so it can be focused on a small- 
er spot. That gives it the ability to 
store much more data in a smaller 
area and boost disk capacity. 

Last year 3M demonstrated a 
laser based on doped zinc selenide 
that emits in the blue-green 490 to 
530'nanometer range. The active 
layer of zinc cadmium selenide is 
sumDunded by zinc selenide. Sony 
Corp showed off its true blue-emit- 
ting laser last July. 



VIDEO NEWS 



Whats new in the fast-changing video industry. 



DAVID LACHENBRUCH 



• Photo CD arrives. With the 
fanfare of a national advertising 
campaign. Eastman Kodak has 
launched the newest video medium. 
Photo CD— combining the high nes- 
otulion of film photography with the 
convenience of electranic display. 
Photo processors from coast to 
coast are now equipped with the 
work stations to transfer negatives 
and slides in digital form to compact 
discs that can be played through any 
TV set, regafdless of standards — 
including future high-definition sets. 
The transfer of 20 negatives to a 
digital disc costs about $20. includ- 
ing the disc, and additional pictures 
can be added to the disc at a later 
time, up to a total of 100 per disc. 

Kodak-brand Photo CD pfayers 
(which also can piay audio CD's) sell 
for about $379 to $499, depending 
on features, with a carousel changer 
due in time for the Christmas sea- 
son. The players are being made in 
Belgium by Philips, but Kodak says 
that it plans to license other man* 
ufacturers to make players as well. 

Philips CD-I players are also ca* 
pable of playing Photo CD's, and an 
increasing number of computers will 
be equipped to display the digital 
photos. Photo CD players can play 
some specially recorded multimedia 
picture-and-sound 'discs (including 
the audio-visual instruction manual 
for the Photo CD playerX A remote 
control for the higher priced Photo 
CD player permits the viewer to 
zoom in on any part of the picture 
and to crop the photo electronically. 
Kodak will introduce thermal trans- 
fer equipment to make high-quality 
color prints and enlargements from 
Photo CDs. Kodak also promises 
to add equipment to put sound- 
tracks and captions on the digital 
photo discs. 

• New interactive system. The 

two largest A men can -owned con- 
sumer-electronic companies at our 
press time were scheduled to intro- 
duce a new CD-ROM-based sys- 
tem designed for attachment to 



home Ws that is competitive — and 
incompatible— with Philips' CD-I. 
Hardware for the new Video Infor- 
mation System (VIS) will be made 
by Tandy Corporation in Fori Worth, 
Texas, for sale by Radio Shack 
stores under Tandy's Memorex 
brand name and it will be offered by 
other dealers under the Zenith 
brand. 

VIS differs from CD-I in that it can 
accommodate much of the existing 
CD'ROM software (designed for 
MPC and Macintosh standards) 
with only sMght modifications, 
providing VIS with a large, virtually 
ready-made library. The companies 
have worked with Microsoft to 
achieve that semi-compatibility. VfS 
will come with a large library of en- 
tertainments educational, and infor- 
mation software, and will be priced 
competitively with the CD-I pfayer 
(which now canries a suggested list 
price of $699). According to its de- 
velopers. VIS is designed so that 
eventually it will accommodate such 
add-ons as a modem and a key- 
board. They see 'VIS" as an overall 
product identification standard- 
like *'VHS" — and they are inviting 
other manufacturers to join them 
with their own players. 

• U.K.'s massive recall. 

Prospective applicants for a new 
commercial television network in 
the U.K. have been asked to outline 
their plans to retune. modify, or ex- 
j change virtually every VCR, video 
game, and home satellite receiver in 
the U.K. As a result of that intimidat- 
ing prospect, only one applicant re- 
mained at the deadline for filing. 

The dilemma resulted from what 
one journal called a "classic 
booboo" by the Independent TV 
Commission, which assigned UHF 
channels for the new nationwide 
networic close enough to interfere 
with those used for connecting at- 
tachments to home TV-set antenna 
terminals. The ITC deemed that the 
winning applicant must modify any 
and all such devices to prevent inter- 



ference- The winner, a consortium 
led by Thames TV, says that it will 
unleash an army of 2000 techni- 
cians, who will literally go to door-to- 
door to do the modifications, at a 
cost of about $135 million, although 
some skeptics think that the final 
price tag will be much higher 

• Widescreen TV sets. Despite 
contHDversies over national HDTV 
systems, there is a worldwide 
movement toward widescreen TV 
sets that will work with present 
transmissions. TV sets with a 16:9 
aspect ratio are now being sold in 
Europe by the top three manufac- 
turers there (Philips. Thomson, and 
Nokia) and by almost all manufac- 
turers in Japan, The introduction in 
the U.S, of those sets v^s imminent 
as this was being written. 

In Japan, Sharp introduced the 
lowest priced widescreen set to 
date (with a tube measuring 26 
inches in viewable diagonal) for the 
equivalent of about $2000. That 
company was the first to announce 
a changeover to widescreen for all 
large-tui^e receivers, with the 26- 
inch (4:3 ratio) in its product line. 
Sharp officials are forecasting the 
sale of 300.000 widescreen sets on 
the Japanese market by all man- 
ufacturers in the present fiscal year 
(ending in March 1993). rising to 
800,000 in the following year 

In the U.S., both Thomson (RCA. 
GE) and Philips (Magnavox, Syl- 
vania. Philips) are beginning to im- 
port widescreen tubes from their 
European factories. Thomson is im* 
porting 34-inch tubes and Philips is 
importing 34- and 26-inch versions. 
Both companies reportedly plan to 
introduce larger sets here in proj- 
ection versions, and say that if the 
new picture proportions catch on 
with buyers they'll build the wide 
tubes domestically* Neither compa- 
ny had announced a specific price at 
pfBSS time, but at their introduction 
the wider sets are expected to cost 
considerably more than comparably 
sized conventional models. R-E 
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GET THE LA1EST ADVANCES IN ELECTRONICS 



WITH A SUBSCRIPTION TO 



£liectranics 



^^arJaaiO Combtnedwim 
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ENJOV THE WORLD OF ELECTRONICS EACH MONTH! 

Subscribe to the best electronics magazine — 
the one that brings you the latest high-tech 
construction projects, feature articles on new 
technoiogv practical troubleshooting 
techniques, circuit design fundamentals, and 
much more. 

Electronics Now looks to the future and shows 
you what new video, audio and computer 
products ore on the horizon, Whofs more 
you1l find helpful monthly departments such 
OS Video News, Equipment Reports. Hardware 
Hacker, Audio Update, Drawing Board, 
Computer Connections, New Products, and 
more. All designed to give you instruction, tips, 
and fun. 



ic EleiEimSts ^£ 



Electronics Now gives you 
exciting articles like; 

• Buyer's Guide to Digital 
Oscilloscopes i 

• Build A Scanner Converter ] 

• Single-Chip Voice Recorder 

• Build A MIDI Interface for your PC 

• Troubleshoot Microprocessor 
Circuits 

• Build A High-Power Amplifier for 
your Car 

• Add Music On Hold to your Phone 

• All About Binaural Recording 

• VGA-to-NTSC Converter 



FOR FASTER SERVICE CALL TODAY 

1-800-999-7139 

DON'T DELAY SUBSCRIBE TODAYi 

Just fill out the order card in tiiis magazine and mail it in today. 
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Graduate as a Fully Trained 
Electronics Professional! 



If you want to leam about electronics, 
and earn a good income with that 
knowledge, then CJE rs the best 
educational value you can receive. 

CfE s reputation as the world 
leader in home study electronics is 
based solely on the success of our 
graduates. And weVe earned our 
reputatfon with an uncondmonal 
commitment to provide our students 
with the very best electronics trarning. 

Just ask any of the f SO.OOO-plus 
graduates of the Cleveland institute of 
Electronics who are working in high* 
paying positions with aerospace, 
computer, medical, automotrve and 
communicatrons firms itiroughout the 
world. 

They II tell you success didn't come 
easy.,. but it did come... thanks to their 
CIE training. And today, a career tn 
electronics offers more rewards than 
ever before. 

CIE'S COMMITTED TO BE!NG 
THE BEST. .AN ONE 
AJ?EA,„ELECTRONJCS. 

CIE JSn t another be-everythrng-to- 
everyone school. CIE teaches only 
one subject and we believe we're the 
tDest at what we do. Also, CIE is 
sccredite<S by the National Home 
Study Council And with more than 
1,000 graduates each year, we re the 



largest home study school specializing 
exclusively in electronics. CIE has 
been training c&feer*mincie<A students 
like yourself for nearly sixty years and 
we're the best at our 

subject ELECTRONICS,., BECAUSE 

ITS THE ONLY SUBUEa WE TEACH! 

CIE PROVIDES A LEARNING 
METHOD SO GOOD ITS 
PATENTED, 

CIE s AUTO-PROGfiAMMED' lessons 
are a proven learning method for 
building valuable electronics career 
skills. Each lesson is designed to take 
you step-by-step and pnnciple^iy- 
principal. And while all of CIE lessons 
are designed for independent study, 
CIE s instruaors are personally avall- 
able to assist you with just a toll free 
call. The result is practical training... 
the kind of experience you can put to 
work in today's marketplace, 

LEARN BY DOING, .WITH STATE- 
OF-THE-ART EQUfPMENT AND 
TRAINING, 

CIE pfoneered the first Electronics 
Laboratory Course and the first 
Microprocessor Course. Today, no 
other home study school can match 
CJE s staie^jf-the-an equrpment and 



training. And all your laboratory 
equipment, books and lessons are 
included in your tuition. Its all yours 
to use while you study and for on-the- 
job after you graduate. 

PERSONALIZED TRAINING,.,. TO 
MATCH YOUR BACKGROUND, 

While some of our students have a 
working knowledge of electronics 
others are just starting out. That's 
why CIE has developed twelve career 
courses and an A AS. Degree pro- 
gram to choose from. So. even if 
you're not sure which electronics 
career is best for you. CJE can get you 
started with core lessons applicable to 
all areas in electronia. And every CIE 
Course earns credit towards the 
completion of your Associate in 
Applied Science Degree, So you can 
work toward your degree in stages or 
as fast as you wish. In fact, CIE is the 
only school that actually rewards you 
for fast study which can save you 
money. 

SEND FOR YOUR CIE 
COURSE CATALOG AND 
WE LL SEND YOU A FREE 
24-PAGE C[E ELECTRONIC 
SYMBOLS HANDBOOK. 




YES! 1 want to get started. Send 
me my CIE course catalog including 
details about the Associate Degree 
Program. (For your convenience, CIE 
will have a representative contact you 
* there is no obligation.) 

AE44 

Name 




Phone No^ (_ 

Check box for G J. Bill Benefits 
Veteran ~ Active Duty 



1776 East I7rh Street 
Cieveland, Ohio 44t 14 



A School of Thousands* 
A Class of One. Since f9J4. 



FREE! 1 

SEND FOR YOUR CIE HOME 
STUDY COURSE CATALOG AND 
RECEIVE A FREE 24 PAGE CIE 
ELECTRONIC SYMBOLS 
HANDBOOK! 



Write toQ&A, Electronics Now, 500-8 Bi-County Blvd, Farmingdale, NY 11735 



ALL LOCKED UP 
IVe been having intermittent 
problems with my computer 
where the whole system locks 
up to the point where even a 
warm boot from the keyboard 
won't get it started again* After a 
tot of trouble, I discovered that 
one of the IC's on the mother- 
board is bad. Just about the 
only good thing about this is 
that it's a simple gate. The bad 
news is that it's soldered di- 
rectly to the board. Do you know 
of any method for getting It off 
the board without damaging 
anything? — B, Sherif, Engale. 
NY 

IVe never found an absolutefy 



safe way to desotder sn iC. There's 
always some risk of damaging a PC 
board when removing a part, and 
the amount of damage is usually 
proportional to your desoldenng 
skills and the number of pins on the 
part being removed. Consider 
whether the whole operation is 
worth the time and trouble it's going 
to take before starting. 

If you re determined to do the re* 
pair, ril tell you that the amount of 
success you*re going to have will 
depend on the type of n^otherboard. 
If you have a simple double-sided 
board, what you do is fairly easy but 
if your board is a multilayer one. the 
job is somewhat harder. 

The easiest^ — and crudest — way I 



know to get an IC off the board is to 
cut off the pins close to the body of 
the chip and solder the new chip 
right onto the old pin stubs. Another 
method is to use a "Vsolder sucker * 
that will remove solder after your 
iron has melted it— but you have to 
act quickly. The easiest non-profes- 
sional method for chip removal is to 
use desoldenng brajd (Profession- 
als might use an electric "solder 
sucker, " which can be quite expen- 
sive.) Desoldering braid is basically 
just braided copper wire that is 
pressed onto the solder joint with 
the tip of a hot inDn. When the solder 
melts, it is "wicked" up by the braid. 
After the solder is removed from all 
of the pins, wiggle each pin back 
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COMPONENTS 

Whether you order 1 part or 
all 40,083,„1VIOUSER stocks 
and... can stiip today!! 

CALL... 
(800) 992-9943 

for your 
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and forth with long-nosed pliers be- 
fore pulling the dip off the board. 

Whatever method you decide to 
use. try to practice removrng parts 
from a junk PC board to gain a little 
experience before attempting the 
job on a more valuable board. 

LOTS OF SWITCHING 
I have a problem that revolves 
around the need to switch 12 
bundles of wire, with each bun- 
dle containing 24 wires that car- 
ry a variety of both AC and DC 
signals ranging from 1 to 3 
amps. I initially used a Stack- 
pole rotary switch driven by a 
computer-controlled motor to 
position the switch as com- 
manded by input position logic. 
Everything worked well for a 
while, but the Stackpole switch 
would misalign every few hours 
or so. My specialty is software 
and I could use a little help with 
the hardware. Any sugges- 
tions?— D. Price, Coronado, OA 
You really haven't given me the 



details needed to give you a com- 
plete answer, but there s certainly 
enough here to be able to point you 
in the right direction. And while your 
solution is feasible, you're having a 
problem simply because you 
haven't thought the problem 
through logically. 

The easiest way for you to under- 
stand what's going wrong is to 
Imagine that you are rotating the 
shafts by hand. If that were the 
case, you'd know when you reached 
the right position because you'd be 
doing something such as aligning 
marks on a dial. Well, now you have 
to do the same thing electronically 

What's missing in your system is 
some form of feedback from the 
switch that tells the controlling hard- 
ware exactly what the position of 
the switch is. The feedback mecha- 
nism can be something as simple as 
a potentiometer positioned on the 
shaft so that it reports a voltage 
back to the controller 

Another way to go about this is to 
use a stepper motor — the kind of 



motor used in a disk drive to posi- 
tion the head at a particular track on 
the disk. This might be the best way 
to go because stepper motor con- 
trollers designed for use in PC-com- 
patible computers are readily 
available. 

DIGITAL TACHOMETER TROUBLE 
Vm building a digital ta- 
chometer for my car, and I'm 
having problems getting reliable 
readings. The counting circuit is 
OK, but the engine is a diesel, 
and [ need a way to pick off an 
electrical signal. Tve put a disk 
with holes around the circum- 
ference of the alternator and I 
am using an optical pickup and 
emitted Infrared to read the 
holes. Do you know of a simple 
circuit that will amplify the 
pulses from the receiver so they 
can be read reliably by the 
counting circuit? I'm using 
CMOS logics. Hewit, Florida, 
NY 

Vm not sure what kind of car 



Cable TV 
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We stock the exact Parts & PC 
Board for an article published in 
Radio Electronics Magazine on 
building a Snooper Stopper. 

Snooper Stopper Ktt $19.95 

SiiK-$cr«fln«d PC BoahSh 

Snooper Stopper........ S39.00 

Protect yourself from descrambler 
detection and slop the Buliet with 
one of our Snooper Stoppers. 

Macrovision..now you see It, 
now you don't. 

Macrovrsion KIL.„ .529,00 

inciudts all trvA ongirul Ports & Ei<:ri«d. Dnil 
SUk-Senflnad PC Bdan3. OnQinstiy PubUsiKd In 
^diD Elftctromo M^QAZma 

Call Toll Free V800-8B6-8699 

Visa, MasterCard or COD 

Northeast Electronics, Inc. 

POBox 3310 
N, Attleboro, Ma, 02761 
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For your Heart's sake 

get PULSE STICK II 



Your very own sophisticated 
pocket health monitor, PULSE 
STICK II, checks your pulse rate 
quickly and accurately anywhere. 
Regular monitoring of your pulse 
rate during exercise will enable you 
to plan an exercise regimen suit- 
able for your stage of fitness, pulse 
stick fl provides an early warning 
that you may be exceeding your 
own capabilities. 

PULSE STICK II photoelectric 
cally measures the changes 



Only 
$3^95 



Us&s three AA dry cbIIs 
supplied with PULSE STICK H 




in the pulsed intensity of infrared 
radiation emitted by superficial 
blood vessels below the skin of the 
thumb. The time intervals between 
pulses are automatically measured 
and analogued by the micro- 
processor based circuitry and dis- 
played in a liquid-crystal display 
(LCD). 

Before attempting any exercise pro- 
gram, consult your doctor. Ask for 
guidance regarding the recom- 
mended safe pulse ranges for your 
exercise program. Follow 
your doctor's instructions 
carefully. 




Ideal for running, walking and 
aerobic training programsl 
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STICK II at S39.95 each. Price indudes ship- 
ping eind tvindling charges 

Total amount of order 5 , 
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Addrc?ss 
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O Check c Money Order efKJosed Malee 
check payat>te to CiAGGK tnc, PULSE 
SnOC II CMer 

Charge my □ Visa □ MasterCard 

Account No. , 

Exp Date / 



Credit Card 
Sjg nature 



No telephone OrtJers or CO D. Signature re- 
quined on credit card orders- Air pric^ irKlude 
postage and handling Payments in U S A 
funds onty. New York residents must rnclude 
hxaf apftotsle sales taxes. No foretgn orders 

Maif orders to ClAGGK Inc. Pulse Suck 11 
Offer PO Box 4099. FarmingdaJe NV I J 735 

Teleptione orders to I 1 h*293-3?S I . 
FAX orderito I -5 16-293-3 ITS. 



you're talking about so I can't sug* 
gest a better way to get the putses 
from the engine. Optical stuff is 
okay but it seems like a bad choice 
for an engine conr^partment since 
there's always an oil nriist and other 
grunge that can interfere with the 
operation of the pickup, Magnetic 
pickups or a Hall-effect switch 
would seem like a better way to go. 

If you have solved the problems of 
dirt and alignment. I'm surprised 
you're having a problem with the 
level of the pickup output. It's an 
easy one for you to solve if you're 
using CMOS. 

The circuit shown in Fig. 1 is a 
simple amplifier that witJ work well 
with just about any phototransistor 
The layout isn't at all critical, and you 
can put the whole thing (minus the 
phototransistor. of course) inside a 
sealed plastic box anywhere in the 
cat The 741 is a readily available op- 




FIG. 1— THIS SIMPLE AMPLIFIER will 
work well with just about any phototran- 
sistor. TTie 741, although designed to op- 
erate with a split suppty. will work with a 
single-sided supply as wetL 

amp that was designed to operate 
with a split supply. But since you're 
only dealing with ons and offs, it will 
work well with a single-ended power 
supply. 

I've shown the input voltage as 9 
volts, but if you've got regulated 12 
volts available for the CMOS circuit- 
ry, that wrll do just as well. I suggest 
that you look at the 741 output on a 
scope and make sure the pulses are 
well-shaped and low in noise. 
CMOS is noise tolerant, but there 
are limits. If you see lots of glitches, 
run the 741 output through a CMOS 
gate before sending it to your ta- 
chometer. If you have some extra 
gates available, you can use one of 
them. If you're going to add a gate, 
use a Schmitt trigger such as a 
4093 NAND gate or a 4584 inverten 
The inherent hysteresis in a Schmitt 
trigger will to clean up messy pulses 
and odd circuit line noise. R-E 
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ELENCO OSCILLOSCOPES 



S-1325 25MHz $349 
Dual Trace Oscilloscope 

SO 340 40MHz $495 
Dual Trace Oscilloscope 

S-1360 60MHz 
Dual Trace, Delayed Sweep 

* Autonnattc beonn finder 
§775 •34jitf4nc omp 0 nent tester 

# ImVsensitrvity 

• Ouoi time Dcsa 



8+K OSCILLOSCOPES 

2120 ' 20MHz Dua) Trace S395 

2125 - 20MH2 Delaye<j Sweep . S539 

1541 B • 40MH2 Dual Trace. $749 

2160 ' 60MHz Dual Trace, Delayed Sweep, 

D jal Time Base $949 

2190 ' 100MHz Three Trace Dual Time Base, 

Delayed Swoep^^ SI, 395 

' 20MH2 f 10MS/S Siorago 5669 

^ 20MHz Portable Si .229 



Hitachi Compact Series Scopes 

V-212 ' 20MHz Dual Tiace S409 

. Cursors $975 

_ $949 

50MHz, DC Offset $849 

40MHz, DC Offset $749 

20MHz, DC Offset $625 

■ 60MHI. Dual Trace 



V-525 ' 50MH2, 

V-523 - SOMHz, Delayed Sweop_ 



2522 
1442 
1443 



40M Hz Sattory / AC operated with 
Cursor & Readouts SK439 



rOGHz PORTABLE 

SPECTRUM ANALYZER 

Model 2610 $2,595.95 

m AC/DC oporation (baltory included) 
I 70dB dynamic range 

■ Resolution bandwEdth of lOkH; 

■ 50O and 750 input tmpedance (switch selec- 
table) 

■ Filed bandwidtfi^ setting for viewing TV signals 

■ Field calibraiibie witti internally generated 
100MHz. 6DdB signal 



V-S22 ' 
V-422 ^ 
V-222 ^ 
V-660 ■ 

V-665A - eOMHi.DT. w/cursor 

V-t060 ' 100MHz. Dual Trace _ 
V-t065A' VOOMHz. DT. w/cursof . 
V-1085 ■ 1 0OMHz, OT. w/cursor _ 
V-1100A- 
V-1150 ■ 



VOOMHz, Quad Trace ^ 
1 SOMHz. Quad Trace _ 



_ Si .095 
_ SI .325 
.St. 375 
_ SI .649 
.Sl.995 
.S2,i95 
S2.695 



Hitachi RSO Series 

RSO's feature; roll mode, averaging, save 
merrory, smoothing, interpolation, pretrigger^ 
ing, cursor measurements. 

VC-6023 -20MHz, 20MS/S $1,650 

VC-60a4 - SOMHz, 20MS/S _S1.9S0 

VC-6025A - 50MHz, 20MS/S S2,350 

VC 6045A ■ 100MHz. 40MS/S 
VC'6145 



lOOMHi. 100MS/S^ 
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Digitol Copccrtonce Meter 



$58.95 

1pt20,000utd 
.5% basic »ccy. 
Zero tomo\ w; Cas« 
BI9 r Oisplay 





Digital ICU Meter 
lC-1601 

$125 

Coib luH 20QH 
Caps .Ipi mjf 



Big r Display 




Muttirnetef wiltt 
Cdpocrlonce & 
Troriitilor Tester 

$55 CM-ISOOB 
ftttdt VotB.Ohms 
Curr«fit, CapachiHl. 
Tron^i^^toFf and 
Diod^^ I Mtfith case 



FLUKE MULTIMETERS 

ScopeiTteters CAJI Models Availoble Coll} 



Model 93 
Model 95 
Model 97 
10 Series 
Model 10 
Mode] 12 



SI ,095-00 
SI .395.00 
St, 595.00 

S62.95 
$79,95 



70 Series 

Model TON 
Model 77U 
ModeJ 7911 
80 Series 

Model 87 



S&5.00 
S145.00 
SI 69,00 

£289-00 



Quod Power Supply 



XP-580 

$69.95 

lav^iA 




Triple Power Supply XP-620 
Assembled $75 




t 9 



m $50 

210 15V 9 1A 
(or 4 to 30V fU]. 

AU the dvsirvd iialurii hit dcMig siptraMt. 
F«a!yr«s s^on omit pniw&im. al ■U(ipb«4 



AM/FM Transistor 

Rodio Kit 
wJth Training Course 

ItodeJ Aii^FU 10a 
$27,95 




True RMS4tfif 
DIgll Multimeter 
M-700T 

$135 

.DS% DC Accuracy 
1%RtSi1t«nc« 

OsttHold 




Sweep/Funcllon Generator 
wH^i Freq. Counter 
$259 
Elenco 

Model GF-S026 

Sine, Squire. Tnangle, Pulse, Ramp 
Slo ZMKi, Ffeq Counter MOMHi 
lr>terftai Linear 4 Log>: S«eep 



Fund Ion Generator 
Blox 
#0600 

S28.95 

PTOTidfis tin*. Iftw^t*, «jyaj# 
Kft waviliomlHitemHi 
$26,95 AWofFycapafeaiy 




Loom to Sulld ond Program 
Computers with ttils Kit 

>nc^u^«^ : All Parts. Aiswnlily amid: Lesson Ua^iuai 
Model 

MM^aooo 



Elenco Wide Band 
Signal Generators 




$129.00 




H^OUlt and run m OOAS metoffoomscr, whch uus 



SG'90Q0 $129 
mK-iSOUm AM UodUa^ 

5G-5500 w CHgtui DispCsy & 
1 SO WHi bulIMn Counief 



XK-500 Digital / Analog Trainer 

A complete fninMtb for building, lesilngt prototyping analog and digital drcuiia 

Elflnco's DiBital.'AniJ<>g TraiJief Ls ^jecia^fy designed tut schooE pfajscis. 5 built-in powdt 
iuppCiM. incluttes a fgrtction geflefator with ctjnttntjysly variafc^, &ine, liiangulaJ, square wave 
fornix. ASl powar supples ragulatsd aiid prcifi:-,ed shorts, 

Rowtr Supplies 

E>t 2Sto 15VDC# 1 AiTip} 

■ -i ^ti ^OVDC^ SAirp 
E l2Sto -l5VDC9 1 An^} 

■ *1Zyl>C«1 Amp 

■ IZVDC^tAinp 

■ «5VDC#1Anp 

■ C«f««f UppM 
^ « 1 Airp 

Analog - Section 

■ FriquBicy ad|,u3itiibli} infftft 
far\Qtit irom i to 1 IJOKHj 

■ Amoiliuda ad]iiii 
« DCoftitl 

Digital ' Se^on 

■ T«g no tnunct looe tH«cA«t 
m « LED rMdaiti m. biM««d 

Bretdtioardt ci^t^ 

MO M poMiMMmeoi AsSemOEeQ 




5129.95 Kit 
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Write to Letters, Electronics Now, 500-8 Bi-County Blvd. Farmingdale, NY 11735 



AUDIO BUYING TIPS 

I have enjoyed Larry Klein's Audio 
Update column very much over the 
years. He provides a breath of fresh 
air in a field often fogged by the 
strung odor of addled logic, Larry s 
coverage of the 1991 AES Conven- 
tion was also enlighteninging be- 
cause he drew attention to the 
significant psychophysical research 
concerning what we really can or 
cannot hear 

I'd like to add a few buying tips for 
consumers from my article "Can 
You Trust Your Ears?" AES PrBphnI 
3t 77. Because humans have such a 
strong tendency to hear sounds 
that might never have occurred, au- 
dio equipment customers should be 
aware that even the best receivers, 
preamplifiers, CD players and am- 
plifiers cannot be reliably evaluated 
under controlled conditions. CI am 
assuming that this equipment is 
being operated at its specified 
power limit and all cabling meets the 
manufacturers' requirements.) 

Second, it is practically impossi- 
ble to conduct a fair listening evalua- 
tion even in a studio-equipped retail 
store with all components matched 
and compensated. Finally you are 
not stupid if you don't understand 
everything the salesman tells you. 
When you are tempted to buy a 
product but still unsure of yourself, 
wait until the next day to make a 
decision. There s a good chance 
that youll decide you don't need 
whatever it was that was being 
pitched. Caveaf emptor 
I TOM NOUSAINE 
Ca/y IL 

I NETWORKING CORRECTION 

S As a long-time reader of Radio- 
§ Electronics and a data-communi- 
^ cations professional. 1 was pleased 
I to read the first part of Gary Mc- 
B Clellans series entitled "From Not 
j| Working to Networking/'in your Au- 
gust issue. Unfortunately the sec- 
fg tion entitled '^Connecting net- 



works" positions bridges, routers, 
and repeaters in the incorrect layers 
of the ISO/OSI model 

It is generally accepted in LAN 
networking that a repeater operates 
at layer one. a bridge operates at 
layer two. and a router operates at 
layer three of the ISO/OSI model 

I trust that statement clarifies Mr. 
McCleilans information, and I look 
forward to reading the remainder of 
the articles in his series, 
SHELDON H. DEAN. GET 
Calgary. Alberta, Canada 

THE BOTTOM LINE 

As panelists in a seminar entitled 
"Strategies to Guard Against Pro- 
ductivity Loss ' during PC Expo on 
June 25. we were astonished to find 
that of the thousands of industry 
professionals at the show, only one 
decided that a session on productiv- 
ity enhancement was important 
enough to attend. 

The shows management found 
the topic compelling enough to 
sponsor the seminar, and experts 
on the subject were ready to talk. 
But it seems that the indtviduats in 
the industiy — vendors, customers, 
and managers of corporate comput- 
ing resources — did not find it impor- 
tant enough to learn more about the 
link between technology and pro- 
ductivity. 

Members of the industry do 
seem to find glitz, power, and speed 
interesting. They seem to fixate on 
the question: "Can we make it big- 
ger faster, or better than our com- 
petitors?" The name of the game 
seems to be "hardware for the sake 
of hardwafe" and "software for the 
sake of software/' 

We forget that senior manage- 
ment, which controls the purse 
strings, cares about return on in- 
vestment, productivity and profit. 
They don^t care about chip speed or 
power. Who in our industry is think- 
ing about vita! productivity issues 
such as education, training, and 



support? Is anyone thinking about 
the need to re-engineer products to 
take advantage of developing tech- 
nology? Is management afraid to 
find out if there really is a positive 
return on investment in computer 
technology? 

Until the computer industry stops 
to takes stock of where it has been 
and where it is going — particularly 
the relationship between computer 
technology and the bottom line — 
the pnDmise of technology will not 
happen. We should be concerned 
with how the technology can 
change the workplace, improve cor- 
porate competitiveness, and help 
us to meet our national economic 
goals. 

None of this is glamorous stuff. 
Making technology deliver on its 
promise is tough, tedious work. It 
certainly does not offer the fun of 
playing with the latest and greatest 
graphics user interface. But it is 
where to find productivity in- 
creases. Productivity is the respon- 
sibility of people, not just machines. 
It seems that those attending PC 
Expo were looking for something 
other than strategies to prevent 
losses in productivity. 
KAREN KARTEN 
Karten Associates 
PETER DE JAGER 
de Jager S Co. 
DAVE WHITTLE 
IBM 

SUSAN RASKIN 
Rastec 

RALPH E. GANGER 

Sterling Resources 

I'd like to respond to the letter by 
Stephen Schleick, "Seeing the 
Light. "(June Radio*Elec- 
ironies.) In my opinion, as a tech- 
nically trained person Mr Schleik 
should have been better able to un- 
derstand the point made by his 
"Vocket scientist " friend. Mr 
Schleik's anger at his friend is un- 
warranted, but he is correct in what 



he said about the average power 
usage of a light bulb. 

However Mr Schleik missed by a 
mile the point being made by his 
friend. The problem is not average 
power consumed by the bulb, but 
the power surges that damage the 
bulb and cause its premature 
failure — the reason why we are al- 
ways purchasing new bulbs. 

The three reasons for filament 
lamp farlure are operating time, fre- 
quency of turn-on, and supply volt- 
age. A standard commercial bulb 
can be expected to fail after It has 
operated at its rated voltage for 
about 750 hours. CThis is an average 
life for household incandescent 
bulbsX The lamp manufacturer is in 
business to sell lamps at a profit. If 
bulbs last ten years, repiacement 
sales will be low, 

The more ffBquentfy the bulb is 
turned on and off. the shorter its life. 
The 750 hour-itfe is an average de- 
termined from specified test pro- 
cedures. Consumers usually don't 
get tfiat kind of life from lamps for 
the same reason they don't get the 
gas mifeage shown on new car 
stickers. People don*t use light 
bulbs or cars the same way they are 
tested! 

When I lived in art apartment in 
New York City. I never turned off 
certain tights because the electric 
bill was included rn my rent. I just 
turned down the light, with a dim- 
mer. The pent is, I never replaced 
light bulbs in the eight years I fived 
there. 

When I bought a house and had 
to pay the electric bilL I turned off all 
my lights at night, I had to replace 
my eight-year-old bulbs in a few 
days. Coincidence? Maybe, but I 
don't think so. In my own house we 
had to replace bulbs every few 
months. We operated the bulbs at 
full brightness only in the evenings 
and on weekends. 

Which is cheaper a $1,00 bulb 
that lasts eight years with a dimmer 
CIO cents a year without being 
turned off) or replacing bulbs cost- 
ing a buck two to three times a year? 

I measured the idle cunrent of a 
lamp with a dimmer having a 4.3* 
ohm resistor in series. The voltage 
across the lamp was 8 millivolts. 
With Ohms Law, 0.008/4.3 = 
0,00186 amperes or 1.86 milliam- 



peres, I multiplied 120 volts x 1.86 
milliamperes to get 223 milliwatts 
Cfn^m the line). Then 223 milliwatts 
X 8760 hours/year equals 1953 
watt'hours. This is a 1.953 kWh 
power consumption with a dimmer 

For practical purposes 1.953 
equals 2 kWh at 5 cents (average 
U S, power cost) per kWh for a cost 
of 10 cents, CIn New York City with 
power costing three times the U.S. 
average, the result is 30 cents.) I 
ignored the time the bulb was at full 
brightness because I assumed that 
time and cost would be the same in 
both cases. And I haven't included 
the tost time and trouble of buying 
new bulbs and spares. 

Based on the standard of 120 
vdHs rms in the U.S., a good rule of 
thumb is that a 10% voltage in* 
crBase shortens bulb life by half, but 
a 10% decrease doubles bulb life. 

Are there ways to get around 
this? First, don't buy standard long- 
life or guaranteed bulbs ; all you get 
is one designed for 130 volts, usu- 
ally poorly made. 

Consider traffic-light bulbs. They 
are made for long life and reliability. 

The tungsten filament must be 
longer and thicker to obtain the 
same level of illumination but have a 
longer life. That makes the bulb 
more expensive to manufacture. 
Higher price means fewer will be 
sold which, in turn, forces up the 
retail price even further. Most peo- 
ple buy the cheapest bulbs th^ can 
find because they don't remember 
how long its predecessor lasted! 
PAUL CHRISTIE 
Bayside. NY 

DISTORTION STOPPER 

The distortion problem presented 
under the heading "Pocket-SterBO 
Amp*" in Ask R-E CRadio-Eiec- 
tronics, August 1992) might not 
be caused by the LM386 circuit: it 
coufd be caused by insufficient load 
on the source amplifier from the 
pocket stereo — particularly if the 
output amplifier is made from dis- 
Crete components. The key to my 
conclusion was the report of distor 
tion at all listening levels. 

I recommend loading the pocket 
stereo with a 20- to 50-ohm resistor 
as shown in Fig. 1, 
JIM HATHAWAY II 
North Highlands. CA 



VIDEO 



COPYGUARD 

^^iS Stabilizer 

Mini jwJ flwhiiii, Snnple 

Pro ED/it 3 Video Processing Center 

•Cotopf«tt50f (nodd <4^AQC P»^a no 

• Sleieo sound mi»n j^q.^ ^ |t|5l*'^. Snippirifl 

• Cables indudwJ 




Screenwriter 



• OtolCy Wa tot 

• Zoom, vnll ^ 



Rus 110 
a Handfcfifl 

Charactar Qenemtor 




Plus m Sh«m & 




VCR PIU5+ One-Step 

Coupon f Of TV Guide indutted. 

• Tapes all B/tudcast & Cable Qunneb 

• Jifst punch in the PhaCode* th* 
number that 2pp«irs in pm TV 
latij^ Thet's II- 



CCTV 



Koyo Easy Security 

Complete Sunciiiince Kit 

^Viditflii BIW [?4VAC) 
Camera, I Wall hfount, 
mmm l lOO Fl. 
Cop Vhdeo CabEt 
\ T B&W Montio, 
AC Adaptor 

lUSS WUr AfltW 

IrtSL leist Sham 
21 tfi. «, igg 4000-^ 



TEST EQUIPMENT 



Digital Multimeter 

•33 RanjcL 11 Function 

• .S% DC AocutKy 

• ICM ohm imptit jmp^dance. 

• TranSFSitDrs. Capi diodss and more. 





fTwdel 



$59^5 



Plus ^asa Shipping 
t HarKning 



31/2 Digit ICR Meter 

•C' 20&uf L ?00H. R' m 



5 ftco«0 & Hmdkno 




model 
F&SOl 



M98 



& Hdndfmg 



$7995 



Sweep 
Function 
Generator 

• S<)u^re mit, 
Triangle wave. 

• TTl. pulsfi • .7\\im\i. 

Electro-Probe Digital Multimeter 

• J i C iit t£tl 

S499|.«, 



Fordham 



Ask for Our fme Cstniog 




1-800 
695-4848 



17 



CtRCLE 192 ON FREE IHFORMATlOti CARD 



Learn to troubleshoot and 
service today's computer 
systems as you build a 
386sx/20 MHz mini tower 
computer! 



Train the NRI way — and leam to 
service today^s computers as you build 
your own 386sx computer system^ now 
with 1 meg RAM^ 40 meg WE h ard 
drivBy and exciting new diagnostic 
hardware and software! 

Jobs for computer service technidaiiB 
will almost double in the next 10 
years according to Department of 
Labor statiBttcs, making computer 
service one of the top growth 
fields in the nation. 

Now you can cash in on this 
exciting opportunity — either as a 
full-time industry technician or in 
a money-making computer service 
business of your own — once youVe 
mastered electronics and computers 
the NRI way. 

NRTs practical combination of "r^ison-why" theory 
and hands-on building skills starts you with the funda- 
mentals of electronics^ then guides you through more 
sophisticated circuitry all the way up to the latest ad- 
vances in computer technology. 

Train with and keep a powerful 386sx/20 MHz 
computer system plus popular Microsoft" 
Works software! 

Only NRI gives you bands-on training with the finest 
example of state-of-the-art technology: the powerful new 
West Coast 386sx/20 MHz mini tower computer. As you 
assemble this 1 meg RAM, 32-bit CPU computer from the 
keyboard up, you actually see for yourself how each section 
of your computer works. 

You assemble and test your computer's "^intelligent" 
keyboard, install the power supply and L2 meg, high- 
density floppy disk drive, then interface the high*resolu- 
tion monitor. 

Your hands-on training continues as you install a 
powerful new 40 meg IDE hard disk drive — now included 
in your course to dramatically increase the data storage 
capacity of your computer while giving you lightning-quick 
data access. 




Plus you now go on to work with today's most 
popular integrated software package, Microsoft Works, 
! earning to use its word processingj spreadsheet, data* 
base, and communications utilities for your own personal 
and professional applications. But that's not all. 



Oniy NRI gives 
you hand^-on 
training wiih 
the remarkttble 
R,A.C.E.R. plug- 
in diagnostic 
card and 
QuiekTech 
diagnoMtic 
-Hi^ ft ware from 
Ultra-X— 
professionalf 
staie-of- ihe- art 
diagnontic tools 
that make 
computer 
irou blenh ooting 
fast and accu- 
rate. 




ia 



Your NRl computer training includes ail this: • NRTs unique Discovery Lab* for circuit design and 
testing • Hand'held digital multimeter with *^talk-you-through^ instructions on audio eassefte • Digital 
logic probe that lets you visually examine computer circuits • The new West Coast 386sx/20 MHz 

computer system^ featuring a high-speed S0386sx CPU, 1 meg RAMt 
10 1 -key intelligent'' keyboard^ 1.2 meg high-densit\ floppy 
d rivet and high-resolution monitor • 40 meg IDE hard drive • 
MS-DOS, GW-BASJC, and Microsofl Works software • 
Rj^.CE.R, plug-in diagnostic card and QuickTech menu- 
driven diagnostic software • Reference manuals with 
guidelines and schematics 

printer ports, senaJ communications ports, video display 
memory, floppy drives, and hard disk drives. 

Only NRI gives you such confidence-buitding, real-world 
experience. Only NRI gives you both the knowledge and the 
professional tools to succeed as today's in-demand computer 
ser\ice technician. 

No experience needed NRI builds it in 

NRI training gives you practical, hands-on experience 
that makes you uniquely prepared to take advan- 
tage of tod ay *s opportunities in computer service. 
; You learn at your own convenience in your 

own home. No classroom pressures^ no night 
school, no need to quit your present job until 
you're ready to make your move. NRI starts you 
with the bastes, building on that foundation 
step by step until you have the knowledge and 
skills you need for success. 

And aU thn>ughout your training you've 
got the Ml support of your personal NEl 
instructor and the entire NRI technical 
staff, always ready to answer your questions 
and help you achieve your training goals- 

FREE catalog tells more. Send today! 

Send today for NRl's big, free catalog that 
describes every aspect of NEFs innovative 
computer training, as well as hands-on 
training in other growing high'tech 
career fields. 

If the coupon is missing, write to: 
NM School of Electronics, McGraw-Hill 
Continuing Education Center, 4401 Connecticut Avenue, 
NW, Washington, DC 20008. 




NOW! Trainmg now includes Ultra-X 
diagnostic hardware and software for quick, 
accurate troubleshooting! 



Now you train with and keep the latest in 
diagnostic hardware and software: the 
extraordinary plug-in diagnostic 
card and QuickTech diagnostic software, 
both from Ultra-X- Using these state-of-the- 
art tools, you leam to 

quickly identify and K f\/\ i 
service virtually i;-^ ^^t^^^ 
any computer \ ^^T^Wf 
problem on ?Cr, i^l^^ W. 

AT 80286/80386, 
and compatible 
machines. 

You discover how ™ 
tousetheR.A.C.E.R. 
diagnostic card to 
identify individual 
defective RAM chips, locate tnter&cing 
problems, and pinpoint defective support 
chips. Plus you leam to use your QuickTech 
diagnostic software to test the system RAM 
and such peripheral adapters as paralleS 



IBM is a re^flierfid, trademark of Intemiilianal Businesa MBehintfl Corp. H.A.C.E.R, and 
QuickTt^ch are rrii^ij^terLH] iraxItmarkH urUltrji-X. Inc. 
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McGraw-Hill Continuing Eduication Center 
^ 4401 Comi&cticut Avenue, NW WiJM 

Schools Washington. DC 20008 ff^ii 



Check one FItEE catoJo^ only 
n MICROCOMPUTER SERVICINC 

li rvVidWAudio Servicing 

□ Telecommunications 

□ Indui^trial Electronics 
D Security Electronics 

□ Electronic Music Technology 

□ Baaic Electronics 

□ Automotive Seni'icing 



For ciinrer courses 
appn?vect uniier GI Bill 

Q check Tor d«;t4]ils. 



D Computef Proframmin^ 

D Programming m C++ with Windows 

□ Desktop Publishing 

n Word Proces^iing Imma Business 

□ Home Inspection 

□ Building Construction 

n Bookkeeping & Accounting 



1 Name 
1 


{please print) 


Age 


j Address 


1 Citj^/State/Zip 


Accredited Member Kational Home Study Coundl 


3-112 



EQUIPMENT REPORTS 



JPC International TD107 Digital Designer 





Breadboarding circuits is 
the only way to learn 
electronics design! 
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From the mail that ^ve receive 
at Electronics Now, we know 
that many of our readers en- 
joy our concentration — in both fea- 
ture articles and columns— on 
circuit theory and design. In this is- 
sue, for example, we present al- 
most two dozen circuits based on 



the 555 timer in a feature article^ 
and a simple video scrambler circuit 
in our "Drawing Board" column. 
And, of course, our construction 
projects provide new circuits every 
issue. 

Although it s possible to learn a 
great deal by studying the circuits 



and their accompanying descrip- 
tions, its not the best way. There's 
just no better way to mcrease your 
understanding of electronics than 
"getting your hands dirty" building 
circuits and experimenting with 
them. 

Having an adequately equipped 
lab is essential to electranics ex- 
pehmenting. The right equipment 
lets you build circuits more easily 
and efficiently. That s important be- 
cause the easier it is to build cir- 
cuits, the more you will experimenl. 
and. thus, the more you will leam. 

Such thoughts kept cnDSSing our 
minds as we examined the TDIOJ 
Digital Designer from JPC interna- 
tional (P.O. Box 55, Agoura Hills, 
CA 91301). The TDiO? makes it 
easy to build circuits and change 




The RMS225 was 
built around sim- 
plicity. Instead 
of a barrage of 
buttons to push, 
you simply 
scroll through a 
menu of special 
functions- 
Minimums, 




maximums and 
automatic read- 
ing hold arc 
simple functions 
i-vith Bcckman 
Industrial's 
RM5225. It's 
simply the best 
meter for the 



money. 
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their configurations, and examine 
how they operate. The designer, 
which is housed in 3 sturdy cneam- 
cotonsd plaslic case that measures 
about 10%x8%x2 inches, fea- 
turns a large soldeHess breadboard 
on its front panel. The breadboard 
provides a total of 1380 tie points, 
which can accommodate up to six- 
teen 14-pin DIP'S. Because the 
TDtO? offers burlt-in power sup- 
plies, pulse generators, clock gen- 
erators, and more, it's possible to 
build circuits that are quite complex. 

Eight LED logic indicators are lo- 
cated at the top left side of the de- 
signer s sloping front panel. A logic 
probe, which indicates high, low. 
and pulsing logic levels is also avail- 
able. Two momentary logic switch- 
es let you manually generate 
pulses. Pulses of 0.5 Hz and 500 Hz 
can be obtained from front panel 
temninals in either high- to- low or 
low- to-high transitions. 

Clock signals are also prwided 
by the designer Complementary 
clock signals with frequencies of 1 



Hz, 1 kHz and 100 kHz can be 
switch-selected. A line frequency 
(60 Hz) clock is also available. Eight 
slide switches provide switchable 
high or low data lines that can serve 
as inputs. 

Two potentiometers. IK and 
lOOK units, are conveniently lo* 
cated at the bottom of the panel. 
Among other things, they can be 
used to adjust the levels of the + 5 
and ± 12 volt power supplies. 

Having such building blocks as 
power supplies, pulse generators, 
and clock generators around the 
breadboard means that you can 
concentrate on accomplishing a 
task without worrying about basic, 
mundane circuitry. That makes the 
TD107 designer ideal for formal lab- 
oratory courses because it lets stu- 
dents use their class time more 
efficientty. The designer v^ould also 
be appropriate for home use by any 
electronics hobbyist or enthusiast. 
For those users who need to build 
large circuits, the designer can be 
expanded with additional bread- 



board space that can hold up to 
eight additional 14'pin DIP's. 

The TDf07 digital designer car- 
ries a suggested retail price of 
$159.95. which is competitive for 
this type of device. JPG also offers 
an analog designer, the TA102. 
which is priced at $149.95. The ana- 
log designer provides the user with 
variable regulated power supplies, a 
center-tapped 30-volt AC supply 
sine-, square-, and triangle-wave 
generators instead of the digital 
pulse and clock generators, and 
logic indicators. R-E 
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TRUTH 




If your meter doesn't liave 
Tnic RiVlS, it's Kdng to you- 
Those nast)^ nonsinusoidal 
ami iiois)^ siniiscikLil n'mr forms 
ftx>l even the hcst "averaging 
meters. The pn)hleiii was, TKie RMS 
used to be expensive, Gotid news 
The RiVl5225 is I Kill' the price of 
similar meters. 

Call (800)854-2708, (8ai) 227-^781 in CA. 
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AM BROADCAST LOOP AN- 
TENNA. The BCLl receiv- 
ing antenna fmm Electmn 
Processing, a compact 
8 X 8- inch square un- 
shielded loop, is said to re- 
ceive AM broadcast sta- 
tions while rejecting exces- 
sive noise. A 30-dB pre- 
anriplifrer assures strong 
signals, and interference is 
reduced or eliminated by 
the loop's directional 
characteristics. Noise re- 
duction permits the recep- 
tion of stations that other- 
wise could not be recetved. 
With a reception range of 
530 to 2000 kHz. the an- 
tenna IS powered by tine 
t20-volt AC. It rs equipped 
with a jumper cable to con- 
nect the receiver and a se- 
lection of connectors Is 
available. 

The price of the BCL-f 
AM loop antenna is $125 handling.— Electron Pro- 
plus $5 for shipping and cessing, Inc.. RO. Box 68 
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Cedar. Ml 4962 T; Phone: 
616'228'7020. 



DATA-ACQUISITION CARD, 

Gage's CompuScope 
L/rE*64K data-acquisition 
card provides 40'MHz 
sampling with 64K of mem- 
ory. According to the com- 
pany, its card permits 
personal computers to 
match the performance of 
stand-alone digital os- 
cilfoscopes. 

The card, in an IBM PC/ 
XT/AT format, performs 
40-msps digitization on 
one channel or simulta- 
neous 20-msps digitization 
on two channels. It also of- 
fers 8-bit resolution, 32 
kilobytes of memory per 
channel, external trigger 
capability, software drivers. 
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and a user- friendly inter- 
face. Up to eight of the 
cards can be installed in 
the same PC making it 
equivalent to an eight- 
channel. 40-MH2 or 3 16- 
channel. 20-MHz digital os- 
cilloscope. 



The CompuScope LITE 
card purchase includes dig- 
ital-oscrlloscope software 
permitting users to store, 
anal>^e, print, and transmit 
their data. GageCalc soft- 
ware also permits users to 
carry out math functions 
such as FFT and frequency 
counting. Gage offers soft- 
ware drivers compatible 
with all popular compliers: 
Turbo Fiscal, Turbo C* Mi- 
crosoft C. and Turbo Basic. 
Those drivers can contnDl 
the board in OEM appfica- 
tions. The software* which 
runs under MS-DOS. has 
an installation utility and an 
AutoDetect feature that is 
said to be simple to use. 



CompuScope UTE-64K 
costs $995 —Gage Ap- 
plied Sciances Inc.. 5465 
Vanden Abeele. Montreal, 
Quebec. Canada H4S iSt; 
Phone: 514 337-6893; 
Fax: 514-337-8411. 

PUISE GENERATOR. Pro* 
teks Model 31 0101 Hz to 
10 MHz pulse generator in- 
cludes includes variable 
delay and seven pulse wid* 
ths. 0 to 5 volts into 50 
ohms. Delay time ts 0 to 50 
and 500 nanoseconds. 5. 
50 and 500 microseconds 
and 5 milliseconds, varia- 
ble in each step. 
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Seven pulse widths 
range from 50 nanose- 
conds to 50 microseconds 
with each step variable. 
Four operational modes 
are offeied: internal exter- 
naL manual, and external 
up and down. The pulse 
generator measures 
lOVs X 9 X 3% inches and 
weighs 5V^4 pounds. 

The B-WfO pulse gener- 
ator price is $499.— HC 
Protek. RO. Box 59, Nor- 
wood , NJ 07648: Phone: 
201-767^7242: Fax: 
201-767-7343, 

PORTABLE PROTOTYPING 
STATION. How about a por- 
table electronics laborato- 
ry to lake to school the 
job—or even on vacation? 



^ Every Cleaning Task Made 
Easier with New 
Brushes, Swabs & Wipes 
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Global S pecia It ies* 
PB'503 C is a complete 
electronics prototyping 
station housed in a carrying 
case, \i can be used for pn3- 
totyping analog, digital, and 
microprocessor circuits 
and performing many kinds 
of experiments. 

The breadboard has an 
area large enough to hold 
circuits with as many as 24 
DIP^ packaged devices. The 
portable lab contains a 
function generator, a power 
supply with three output 
voltages, an S-channel log- 
ic probe, and two digital 
pulsers. 

The power supply has a 
+ 5- volt, t ampere, and two 
vanable S-IS-volt, 0.5-am- 
pere terminals. The func- 
tion generator produces 
frequencies from 0.1 Hz lo 
100 kHz with a choice of 
sine, square, and triangular 
waveforms or TTL clock 
output. The briefcase- 
sized, fold-down carrying 
case is roomy enough to 
store an optional Proto- 
Meter 4000 multimeter 
and WK-1 wire-jumper kit. 

The PB 503'C portable 
prototyping station is 
priced at $349.95: the 
ProtO'MBter 4000 price is 
$139 95. and the WK-1 
wire-jumper kit price is 
$13.95.— Global Spe- 
cialties, 70 Fulton Terrace. 
New Haven. CT 05412; 
Phone: 800-572-1028. 

4B6-CLASS SINGLE-BOARD 
COMPUTER. This PC-com- 
patible, single-board com- 
puter from Computer Dy- 
namics is intended for 
embedded OEM applica- 



tions, !t includes an Intel 
486^compatible MPU. 
flash memory, and an ad- 
vanced video controller 

The board measures 
5-3/5x7-3/4 inches, tak- 
ing up only about 10% of 
the space required by a 
desktop PC. The board's 
25'MHz Cx486SLC MPU 
executes the 486SX in- 
struction set and all 486SX 
operating systems, includ- 
ing DOS and Windows. 

An on-chip, one-kilobyte 
cache gives the processor 
more than twice the speed 
of a 386SX at the same 
clock frequency- In addition 
to the Full complement of 
standard PC functions, the 
board provides for up to 
786 K of flash ROM. 
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For fixed*program stor- 
age, the SB0486 has up 
to 1.5 megabytes of on- 
board ROM/RAM disk, en- 
suring quick boot-up and 
reliable operation, The on- 
board video controller driv- 
es CRT s and flat*panel dis- 
plays directly. Other fea- 
tures include hard- and 
floppy-disk controllers, a 
battery-backed real-time 
clock, a math co*processor 
socket, and an SBX inter- 
face that lets the user add 
"non-IBM" expansion 
boards. 

The SBC- 486 board is 
priced from $936 in OEM 
quantities.— Computer Dy- 
namics, 107 South Main 
Street, Gneer, SC 29650: 
Phone: 803-877-8700: 
Fax: 803 879 2030. 



V/helhef ymi're Ucklmg the iMest |ob, or deamnq a prediicn piece 
equipment Tecti Sprnsy fm a cJeanirig produa that makes the task easief . 

Tech Spray has expanded iu line bfushes, swabs and wipes to 
cover the wide variety of cleaning and maintenance needs in the 
electjonic industiy. 

All Tech8rushes'*\ Techswabs'** and Techclean^" Wipes are 
precisely manufacturefi under Tech Spray's rigid specifications* 

Tech Spray lakes 
special care throughout 
the manufacluring 
process and in its 
packaging to maitimize 
cleanliness and 
protection against 
eJectfostatic discharge. 

For a sample d these, 
or any Tech Spray 
product, contact our 
Technical Assistance 
Department toll free at 
1 -800-858-4043 





A saa^)^ 0/ recf»emsftes^. Techswahs ^ and 
Techckmn^*' Wipes 



TECH SPRAY, \nQ. 
P.O. Box 949 
Ajtiarlllo. TX 79105-0949 
(306) 372^8523 
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AN ECONOMICAL 
KEYBOARD-CONTROLLED 
KEPCO BENCH POWER SUPPLY 
75 WATTS 

Choose from four DtgiJal Rower Supplies: 0-1 2.5V BA, 
0-a4V ((t 3A, 0-40V m 2A or 0-1 25V 0.5A. Each one 
offers precise, repeatable voltage control with !wo current 
rariges. Fully protected for overvoltage or overcurrent. 
Bonus: You can program the oulpul from your PC s serial 
port <BS232 software included) and read back toot 
The DPS is an affordable professional instrument and 
belongs on your bench. 

Want more info? Ask for "DPS^ brochure, 146-1768. Calhwrite-(ax; 
Depi, MXS-87. Kcpco Inc. 131-38 Sanford Avenuo^ Flushing. NY 
11352 USA • Tel: (716) 461-7000 * Fax: (718) 7670102. Use your 
VISA or fvJASTERCARD. immediate delivery. 5 -year warraniy. 



KEPCO. 

THE PC*EB SUf^PUEfl* 
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GRAPHICS CALCULATOR. 

Here is a calculator that 
plots graphs to speed-up 
prtiblem*soiving. Texas In- 
struments' Ti'85 Graphics 
Calculator comhmes an ad- 
vanced scientific calcubtor 
with graphics plotter in a 
handheld package. 
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The TI-85 is intended for 
use in the office, when trav- 
efing, and m the field. Ac* 



cording to H-R engineering 
and science students can 
purchase this calculalor for 
class work and be assured 
that it will still be useful in 
their professional careers 
after graduation. 

The calculators built-in 
software allows users to 
run trial solutions and test a 
range of strategies. The 
calculator displays graphs 
of functions as well as pa- 
rametric, polar, and dif- 
ferential equations. It can 
determine any variable in 
an equation, solve 30 
equations simultaneously, 
and extract the roots of a 
polynomial up to the 30th 
order The calculator can 
handle complex numbers, 
matrixes, vectors, lists, 
and strings. 

The Th85 has 32 kilo* 
bytes of RAM. A built-in 
I/O port can link the cal- 
culator to a PC or another 



T/-05 Optional UNK~85 
software makes it possible 
to edit, store, and pnnt pro* 
grams, graphs, and math 
notations in IBM-compati- 
ble compatibles and Mac- 
intosh computers. The 
display provides eight lines 
of information with up to 21 
characters each or 
64 X I28'pixel graphs. 

The 77-85 graphics cal- 
culator has a list pnce of 
$130— Texas Instniments, 
Consumer Relations, P.O. 
Box 53. Lubbock, TX 
79408 0053; Phone: 800- 
Tl-CARES: Fax: 
800-741-2146. 

CONVERTER-MOUNTING 

KIT The MS ?5 mounting 
kit allows Caiex 1 x 2-inch 
and 2x2-inch DC/DC 
converters to be used in 
many different non-AC 
powered systems. The kit 
consists of a 2!/^ x 3-inch 



card attached to a 15^ pin 
connector, which makes it 
convenient to rack mount 
many DC/DC converters 
in any system. 
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Each connector has two 
No,4 screw holes on either 
side for mounting the 
MS-15. The kit will accom- 
modate all Caiex single* 
and dual-output converters 
rated from 1.8 through 7.5 
watts. The MS ?5. when 
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HM8130 

A new breakthrough 

in price/performance ratio 

□ Synthesized Function Generator; lOmHzto lOMHz 

□ 5 Standard wavefornns; Sweep mode; Ext. Gating 

□ Arbitrary function with 1024 x 1024 points; Interval 100ns 

□ Optional: GPIB/RS232 interfaces; External Keypad 



See us at WESCON/92 Booth 2450 

Call toll free 
800.247.1241 



Instruments 

1939 Plaia Real 
OCEANSIDE, CA 920B6 
Phone (619j 630-40BO 
Telefax (619) 630-6507 
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coupled to those convert* 
ers. is suitabfe for use in 
field-portable, battery-op- 
erated systems. 

The unit price for the MS 
J5 mounting kit is $32 — 
Calex Mfg. Co., Inc., 2401 
Stanwell Drive. Concord. 
CA 94520:4841: Phone: 
510-687-44 11 or 
800-542-3355: Fax: 
510-687-3333, 

DMM TEMPERATURE HEAD 
ACCESSORY. The 

Fieldpiece "Stick" series 
digital multimeter can be 
converted to a one-piece 
temperature meter with the 
addition of the ATH3 dual 
temperatufB head^ 

The ATH3 with the op- 
tional ADL2 lest leads can 
be used with any DMM 
having "Fluke-style" jacks. 
The accessory can field - 
calibrated to an accuracy of 
± IT, The converter ac- 



cepts inputs from two K- 
type thermocouples to dis- 
play them as temperature 
on a DMM. 
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A DMM with nesolution 
to OJ mV displays resolu- 
tion to O.rF. A DMM wtth 
resolution to O.rF displays 
resolution to LOT. Input 
impedance must be 9 or 10 
megohms. 

The dual-temperature 
head has a green LED to 
Indicate "'on" and a red 
LED to indicate low battery. 
The unit, which is internally 
powered by a standard 9- 
volt battery, automatically 



shuts off after 45 minutes. 
Two bead-type K^ther* 
mocouples are included. 

The ATH3 DMM dual- 
temperature head is priced 
at $89.— Fieldpiece Instru- 
ments, Inc., 8322B Artesia 
Blvd.. Buena Park. CA 
906 21; Phone: 
714-922-1239: Fax: 
714-992-1239. 

COMPACT MULTIMETEBS, 

B -h K-Precision has ex- 
tended its line of low-cost, 
digital multimeters. Each of 
the four models in the "Tool 
Kit" series measure cur 
rent to 10 amperes. DC 
voltage to an accuracy of 
0.5%. and resistance, as 
well as test diodes. All of 
the DMMs have 3/2^digit 
LCD's, audible continuity 
checking, and overload 
pnDtection. 

The basic Model 2703 
measures voltage , resis- 
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tance , and DC current. 
The other models have ad- 
ditional features. 

• Model 2704A also mea- 
sures AC current and ca- 
pacitance, and it makes 
transistor tests. 

• Model 2706 adds tem- 
perature measurement. 

• Mode/ 2707 has a built- 
in frequency counter and 
logic-probe. 

The DMM prices are: 
Model 2703A— $39. 
2704A— $59, 2706— S79 
and 2707— $89.— B 4- K- 
PreDision, 6470 West Cor- 
Hand Street. Chicago. IL 
60635; Phone: 
312-889-1448: Fax: 
312 794 9740. R-E 




EVEN At $39, 
THE BLUES CAN LAST 
A LONG, LONG HME. 

Conventional wisdom says if spend less than forty 
bucks on a probe, it wm l be long until the thrill is gone. 
But DuraprobeS^stan at S39, live practically 
forever, and work with almost any soope arour>d. so it 
wont suiprise us if you pick up a whole case. After alL 
some folks were just bom to have the blues, 

Duraprobe 



Brownell / Carolton-Bales / CMI-Metermaster / Contact East / ENTEST / INOTEK 
rrc / Jensen Tools, Inc* / Joseph Etectronics / Marshall Industries 
Radar Electric / Electronics / 2ack Electronics 
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Use The Free Information Card for fast response. 



ANALOG DIALOGUE; from 
Analog Devices, Literature 
Center, 70 Shawmut Road, 
Canton, MA 02Q21; Fax: 
617-8^-4273; Iree, 

Analog Dialogue is Ana- 
log Device s house organ 
for the dissemination of in- 
formation about its prod- 
ucts and related tech- 
nology. The company 
terms it "a forum for the 
exchange of circuits, sys- 
terns. and software for real- 
worid signal processing/' 
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This edition (Volume 26. 
Number 1 00) features high- 
light the subject of mixed- 
signal chips for driving digi- 
tal radio. It discusses a pair 
of monolithic I/O chips that 
provide critical functions 
for digital mobile-radio 
communications. The 
AD7001 and AD7002 are 
described in a tutorial titled 
"!F Stages Are Going Dig- 
ital for Both Analog and 
Digital Signals." 

The journal also carries 
an article on monolithic Sig- 
ma- delta converters with 
21 -bit resolution backed up 
by a tutorial on sigma-delta 
architectures. Another arti- 
cle covers a SPICE macro- 
model of an analog multi- 
piier. Other sections in- 
clude a new product over- 
view, an advice column on 
voltage references, and a 



review of new literature 
from Analog Devices. 

MINIATURE SWITCH CATA- 
LOG; from Eaton Corpora- 
tion, Aerospace & Commer* 
cial Controls Division. 4201 
North 27th Street, Mil- 
waukee, Wl 43216; Phone: 
414^449-7483; free. 
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This catalog Cpublicatron 
number NC-169) contains 
a technical specification in* 
formation and illustrations 
on Eaton s line of miniature 
switches for electocal and 
electnsnic applications. To 
simplify the search for the 
switch that will meet your 
requirement, each product 
section includes a brief 
product description and a 
selection table, 

DESKTOP PUBLtSHING 
WITH WORD FOR WIN- 
DOWS VERSION 2.D; by To m 
Lichty. Ventana Press, RO. 
Box 2458. Chapel Hill, NC 
27515; Phone: 
929-942-0220; Fax: 
919-942-1440; SS21.95, 

The software Word for 
Windows, version 2.0 is in- 
tended for word process- 
ing and desktop publishing. 
Tills book offers advice and 
examples to help users 
take full advantage of that 
software. Mr. Lichty*s 



book, which assumes that 
readers have a working 
knowledge of Word, ex- 
plains how to create attrac^ 
tive, well-designed docu- 
nnents on a computer. 




CmCLE 27 ON FREE 
INFOR^UTION CARD 

It addresses framing and 
text placement in desktop- 
publishing. Also covered 
are the fundamental princi- 
ples of page design such 
as proportion, balance, and 
unity. The book tells the 
reader how to apply those 
principles to setting mar- 
gins, white space, ailes, 
and borders. Other topics 
include typography, style 
sheets, multiple columns, 
and graphics placements. 
The final chapter contains 
specifications for recom- 
mended printers and print- 
ing methods. 

KNOB CATALOG; from Rogan 
Corporation, 3455 Wood* 
head Drive, Northbrook. IL 
60 062; Phone: 
800-423'1543; free. 

You'll be amazed at the 
variety of sizes, shapes, 
colors and styles in which a 
simple product like a knob 
can be produced, Rogan s 
catalog proves that push- 
buttons have yet to usurp 
the role of rotating contmis 
in electronics. The right se- 
lection of knob can make or 
break the appearance of 
your product. 
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This catalog illustrates 
Rogan "s broad range of 
products, spelling out its 
options in material, size, 
style* markings, color dec- 
orative options, mountings 
and dimensions. There are, 
for example, ergonomic 
clamping knobs, digital 
turnS'Counting knobs, in- 
strument knobs, and mili- 
tary spec knobs- 

TECHNI'TOOL CATALOG 42; 
from Techni-Tool, 5 Apollo 
Road, P.O. Box 368, 
Plymouth Meeting, PA 
19 4 6 2; Phone: 
215-94V2400; free. 
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Techni-Tool's 1992 cata- 
log gtves information on 
the company's tools, tool 
kits, test equipment, and 
supplies for factory pro* 
duction and professional 
trouble-shooting as well as 
field service on ail kinds of 
electrical and electronic 
equipment. 



1992 CATALOG: from MCM 
EEectronics. 650 Congress 
Park Drive, Centerville, OH 
45459-4072; Phone: 
1-800-543-4330; free. 

MCM's latest catalog 
contains specifications in- 
formation on more than 
17.000 electronics parts 
and components. This 212- 
page edition includes refer- 
ence to 1500 more items 
than the 1991 edition. Prod- 
uct categories include 
semiconductors, television 
and VCR parts, power sup- 
plies and regulators, tele- 
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phone components and 
accessories, batteries, 
speakers, and tools, 

YOUR VHF COMPANION; ed- 
ited by Steve Ford, WBSIMY. 
Tfie American Radio Relay 
League, 225 Main Street, 
Newington, CT 06111; $8.00. 



Your i 
-VHP, 










- 
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This book will be wel- 
comed by veteran VHF op- 
erators as well as novices 
because it contains plenty 
of usehji infomnation in an 
entertaining, easy- to-read 



format. For example you'll 
find out how to participate 
in all the activities on the 
VHF bands— FM and re- 
peaters, packet radio. CW 
and SSB. satellites, and 
amateur television, 

UNOERSTANDING HAR- 
MONICS IN POWER DISTRi- 
BUTION SYSTEMS; from 
John Fluke Mfg. Co., Inc., 
Service Equipment Group, 
RO. Bojt 9090, M/S 250-E, 
Everett. WA 98206-9090; 
Pfione: 800-526-4731; 

Power line harmonics 
can be a source of un- 
wanted interference in fac- 
tories and offices that 
depend on the reliability of 
line-powered electronic 
equipment from PC s to 
copying machines- Har- 
monics can cause transfor- 
mers and neutral conduc- 
tors to overheat and circuit 
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breakers to trip for no ap- 
parent reason. 

This 17-minute educa- 
tional video will help you to 
understand and solve har- 
monics problems. It covers 
such subjects as the defini- 
tion and classification of 
harmonics, electrical 
loads, equivalent circuits, 
and the detection of har- 
monics. It suggests meth- 
ods for solving harmonics 
problems in new and exist- 
ing buildings. R-i 



Train at HOME to be an 

Electmnics Technician \ 





M ^ demard for tcjmpyters and mKropcDtTOOfS 
in bu^ine^^, mjntHactunng dftd comfnunitatiom 
ccMiTinue^^ ro grow, so does the nesd tor qtuUned 
technicians. \t's noi unmujA for enpenenced 
rechnfcians to earn from S10,0OD ta murv th^n 
S40.000 a yL*ar.* Now ihrough P^pli?s Collect* 
of independeni Studies you can train tor thi> 
eJtciting field without interrupting your job or 
home life. 



• Electronic* A MicfoprocesiOf Technofogv^ 

• Industital Electronics & Mtcrapioces^ 

Technology 

• Com muntcat ions Electrortic^ with MEcflV 

pnxe^wf Technology 

• Computer Servicing Sr Electronics Technology 

• Specialized Avsociate Degree In Electronics 

Technology 



Profmioru] Eqyrpment Is frKrluded 



Depeoding on I he program you ^lea, you'll 
perfeci your Mh using thb advanced equipment, 
included in the price o^ tuition: 

• JBM-Comp*iiible Personal Computer 

• Digital Mglrirnptef 

• Digital Logk Probe 

• Elenco Oscilfoicope 

• Portable Cellular Tel^hone 




Peoplev t oik'gt' lotrtxJiH M^nu' (raining firsts to 
makie your learning eitpeiience mon? comp!ele: 

• Accelerated Learning System — a scientifically 
pfoven study system that helps yon learn fastef 
and easier than ever before, 

• Video Tutor Training Tape* — give you a 
permanent, visual record of inforniative lectures 
and close-up demonslration*, 

• E!i|)erience Labs — professionally designed 
experiments that give you hands-on "Ixinch" 
experience. 

• Indusiry Ceriific^tior^ Training Guide — provided 
with four of our programs PrefMres yuu tot 
examiii.itions you may take for your prdevsional 
licenve of certification. 



To help yoo fjei ^fted on your eduiat»on. PieopSes 
College has reduced tuition raie^ and offers low 
monthly payment planii with no finar>ce fees. So 
tlnn't delay, caW or write for mofe informalion 
todiiy! 



Fof COLOR CATAtOC Mall Coupon 
Qill TOLL FREE 1-800-765-7247 



i'nifitjn:, itr?tTrtJ unit f-'* i ncfx^j '■Ijfri. ( U'm^Li f'i/V-fT<l Stf.i 

Our pfogf^drm are accrtfdiied Ijy ihc Accwditm^ 
Commissioo of ihf Nijtrfjnal Hottw Study Council 
rX- - -- -- -- 



YES! 1 ^^ould like to know more about your 
training programs. Send 4 Catalog lo: 

Name 



Address 
City __ 



Stale 



Zip 



Phone # 



Peoples College 



f Of J N [H r t N n F ^ T N IIJ O I E, S 

213 Academy Drive • P,0. Bo Jt 421768 
Kissimmee, EL 34742- 17fefl 

. OJ . rWrrC-wp R1T92 
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Come in for Your FREE 
Radio Shade Catalog! 

The most important part of yoyf next 
project is the all -new, 173- page 1993 
Radio Shack catalog. It's yours for the 
asking at our store or dealer near you. 
Hurry in today— supplies are limited! 
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TECHUNE'^ Tools— The new standard in strength and precision! 




■ Precision-crafted wfth top*quallty materials 

■ Designed for long life and ease of use 

■ Backed by Radio Shack's 1-Year Limited Warranty 

New TECHLINE tools represent Radio Shack's uncompro- 
mising dedicalion to quality. Each is precision-crafted of 
long^lasting. hard-working matefiais and employs the lat- 
est design innovalJons for comfort and ease of use. And, 
each is backed by our full 1-year limited warranty. 



Speedy service and low prices on thousands of parts and accessories! 




■ FREE delivery to Radio Shack on orders S5 and up 

■ Semiconductors and ICs ■ Hard-to-tind batteries 

■ CB and scanner crystals ■ Long-life vacuum tubes 

■ Phono cartridges/styli ■ SAMS' service books 

Why fjay mom for ma;( -order? Your RadMD Shack stocks tOOO electronic 
components, and arwtMr 15,000 are avaria|>le faBt from o jr speoal-order 
warehouse. Orderiag is ©asyf Bring in the exaci part number (or <m pan). 
We'll checic availebirity and order by phone. Delivery t^me to your neartr/ 
Radio Stiack for most Hems is a week. 



f1) Plcoferad 50-Pack. Detighi 
hf tweakers. 50 ceramtc ca pact- 
tors, assorted 1 to 33 pF values. 50 
WVDC. ^'272^806 2.99 

(2) Erficiont PC'Mount Piezo 
Buzzer. Tiny yet has 70 d 8 Output 
and requires only 7 mA at 12VDC. 
#273-074 2.99 

(3) Omni directional Electrei- 
Type Mike Element. X*i 5.000 
Hz. 4 to 10 VOC, #270-092. 2.99 




Test -Equip men I Adapters. Great 
for use with scopes, frequerrcy 
counters and multimeters. Hook up 
with the best. 

(1) Binding Poala lo BMC Plug. 
50 ohms Impedance, 
^274-715 8.9S 

(2 ) B I nd I r^g Post to Banana Plug , 
#274-716 Set of 2M.9S 

(3) Steckeble Dual-lnllfie Ba* 
nana Prug. *274*7t7 2.99 



Resfator AssortmenlA, Popular 

values— stock up and save. 





Cat. Ho. 


SttOl 


Prtee 


MflT=l 'Film '/*W 




50 




C3rt>an i/iW 


271 m 


too 


z.m 


Carton 'Film ViW 




SOO 


7,95 




271 306 


too 
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Mini AudJo Amp With a Built-in 
Speaker. Many uses! Tough 3%'- 
hrgh case Low Radio Shacit price, 
»277-1008 _ , 11.95 



( 1 ) Magnet Wire Asso rt m ent . For 

custom coil wending. Includes 40 
feet of 22-gaugeH 75 feet of 26- 
gauge and 200 feel of 30-gauge on 
spools. #273-1345 4,99 

{2} Dial Cord FU*lt Kit. Our exclu- 
sive! Includes siK feet of high- 
slrength cord and three tension 
springs. Put a radio back ifito 
aciioni #274-435 99* 





High-Speed 12VDC Mini-MotOf. 
Produces an amazing IS, 200 RPM 
at no toad. Ideal for pfojects. ro* 
botics. lunt About Z' \onq (with 
shall), #273-255 2.99 



PC/XT Circuit Cord. Epoxy. Fits 
computer expansion bus. 10 'Ae' 

iong *276*l59e 29.9S 

night Angle 0*Sub 25 Female Con- 
nector tor 4bav*. ^276.1502 . 2,G§ 



Infrafed Project Box. Ideal for a 
rernote. Has removable infrared- 
trarvsparem ertd panel and Space 
for 9V battery. ^kKZ^xA'^h'. 
#270-204 4.49 



100'Wen soldering Gun, For b:g 
jobs! Reaches full temperature in 
seconds. Built-in work light. Re- 
placement tips in stock. liL fisted. 
#64-?l93 11.95 



Prices apply 
at panidpating 
stores and deafef^. 
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A DfViSK>N OF TANDY COflPOflAnaN 
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BUILD THIS 

SUPER STROB 




Create breathtaking stop-action photos 
with the Freeze Frame. 




so MUCH OF LIFE IS A BLVU. WHEN 

you can slow i t down and savor I 
it. you discover the most inter-i 
testing things. I 
r Take, for example, the pie- 1 
tures showing a Wcitcr- filled bal-' 
loon being popped by a dart . You 
might anticipate that the burst 
balloon would leave a ball of 
water hanging in the air for a 
fraction of a second, but would i 
you have guessed that the sur- 
face of the water ball would fipth 
the way It does? What a beaiiti* 
ful surprise. 

Our Freexe Frame strobe trig- 
ger lets you use photographic 
techniques that subslitule a 
strobe flash for high shutter 
speeds. You can reproduce 
these and other stop-acHon 
shots ei tiler for serious scien- 
tific purposes or jusL because 
they make such interesting pie- 
Lures. The inexpensive, easily 
built unit has been t!<*signed to 
use interehangeablt' ^^ensors. so 
that anyihing that pops, snaps* 
flashes* or reflects or blocks 
Itght can trigger your camera's 
strobe. 



How it works 

The complete schematic for 
the Freeze Frame Is shown in 
Fig, L Either of the sensors 
[phototransistor Q2 or electrel 
microphone MlCIl acts like a 
variable current sink in series 
with RL As light or sound levels 
change and more or less current 
sinks into the senson a voltage 
develops across Rl. 

The processing amplifier for 
the sensors is built around two 
stages of an LM324 quad opera- 
tional amplifier (ICl-a and ICl- 
b). The amplifier is AC-coupIed 
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so that only changes in the h^ig- 
gering signal arc detected. The 
values of the coupling capacitor 
between stages are inten- 
tionally small so that only 
changes with higher- frequency 
components (above about 5 
kHz] pass through the ampli- 
lier When using the micro- 
plione. that means that snaps 
and poi>s will l>e more likely to 
trigger the unit than other am- 
bient noise* including speech. 



Capacitor C2 couples the out- 
put of the processing amplifier 
to the rectifier- and peak-detec- 
tor section consisting of Dl* D5* 
R9, RIO, and C4. The DC volt* 
age that appears across R9 is 
approximately the same as the 
peak-tO'pcak voltage at the out- 
put of the ampimcn 

The voltage is applied to a 
threshold detector, which is a 
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FIG. 1— SCHEMATIC FOR THE FREEZE FRAME. The sensors act like a varJabJe current 
sink in series with R1. As light or sound levels change and more or Jess current sinks 
ffito the sensor a voltage diivelops across Rl. 
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FIG. 2— PARTS- PLACEMENT DIAGRAM* The three wire jumpers can be formed trom 
excess component lead. 



SchmiU trigger built around 
ICl-d. The trigger level Is set to a 
couple of volts and hysteresis is 
set to about one volt by R16. 
R18. and R20. At the output of 
the amplifier, LED I Indicates 
when a stitnulus has exceeded 
the threshold. 

When the output of the 
threshold detector goes low, C6 



couples the transition to the in- 
put of the 555-based timer sec- 
tton and triggers it. The 
amount of delay produced by 
the timer is set by the delay con- 
trol R!2 and capacitor C7. Ca- 
pacitor CIO Is switched in by S2 
when longer delays are needed. 

The output of the timer is 
coupled by C5 to the final ampli- 




FREEZE FRAME foil pattern. 

fier stage in ICl* which is wired 
as a comparaton At the end of 
the time-out* IC2s output goes 
low and is inverted by ICl-c to a 
positive transition that turns 
on SCRL The current path to 
SCRTs gate is provided by 
LED2» which also indicates that 
the triggering signal has hap- 
pened. As a convenience when 
setting up to take photos, 
switch S3 can be closed to 
ground the gate of SCRl and 
prevent it fram firing. 

Building the Freeze Frame 

You can build the Freeze 
Frame with just about any con- 
struction technique you like. A 
circuit board is always the neat- 
est, quickest, and easiest way 
though, so we Ve provided a foil 
pattern- You can buy an etched 
and drilled board from the 
source given in the Parts List, If 
you use a PC board, mount and 
solder all of the components fol* 
lowing the parts-placement di- 
agram in Fig, 2. Tliere are three 



PARTS LIST 

All resistors are V4-watt, 5%. 

Rl, Rte— 1000 ohms 

R2— 5600 ohms 

R3, R4. R6. R7, R10, Rt5. 
10,000 ohms 
680,000 ohms 

RB— 50.000 ohmSp audio-laper po- 
tentiometer with switch (81) 

R9— 330.000 ohms 

R1 1—100.000 ohms 

R1 2— 250,000 ohms, linear-taper 
potentio meter 

R13— 680 ohms 

R14— 1 megohm 

R17. R25^2200 ohms 

R20— 15 megohms 

R21— 470 ohms 

R22— 330 ohms 

R23— 33.000 ohms 

R24 — 1500 ohms 

Capacitors 

Cl. C9— 0.005 |aF. ceramic disk 
C2. C5— 0,1 M^R MyJar 
C3— 2.2 ^F, 10 volts, electrolytic 
C4, C6. CS — 0.01 \Lf, ceramic disk 
C7 — 0.05 jiR ceramic disk 
CIO — 1 fiR 10 volts, electrolylic 
Semiconductors 
IC1— LIV1324 quad op-amp 
IC2— 555 timer 
D1-D3— 1N4148 diode 
LED1-LED3— red light-emitting di- 
ode 

01 — IR phototransistor 

SCR1— T106D siiicon*€ontrolled 
rectifier 

Other components 

B1— 9-volt battery 

Jl — ^Miniature phone jack 

J2— RCA jack 

MICI— Electrel microphone 

PL1, PL2— Miniature phone plugs 
S1— SPST switch (part of R8) 

S2. S3— SPST slide switches 

Miscellaneous: case with top pan- 
el, knot>s, wire, tiardware, battery 
snap, hea!*shrink tubing, coaxial 
cable, circuit board, etc. 

Note: The following items are 
available from PAIA Elec> 
tronics, Inc.. 3200 Teakwood 
Lane, Edmond, OK 73013 (405) 
340-6300: 

• Etched, drilled, and 
sHkscreened PC board 
(#9208pc)— $12.75 

• Complete Freeze Frame kit 
including PC board, case, and 
all components (#9208k)— 
S39,75 

Please add S3.50 shipping and 
handling to each order. 




Fta 3— MAKE THE SENSOR ASSEMBLIES with heat-shrink tubing and small diame- 
ter coaxial cable such as RG-174/U. The space between the coaxial cable and the outer 
heat-shrink tubing is filled with a little silicone rubber. 




FIG. S^A DART HfrTING a water-filled 
balloon from an angle. The microphone 
sensor picked up the sound of the bat^ 
loon bursting. 



FIG. 4--THE COMPLETED FREEZE 
FRAME. This is one of the most attrac- 
tive boards you'll ever see. 

wire jumpers on the board that 
can l>c formed from the excess 
leads clipped from other compo- 
nents. 

A fairly light gauge wire such 
as AWG 26 is appropriate for 
making connections between 
tlie circuit board and front-pan- 
el controls. With any electronic 
circuit, keeping Ihe wiring be- 
tween the circuit board and 
front panel as short and direct 
as possible is good practice, and 
with the Freeze Frame it is im- 
portant because the high signal 
gains in the sensor-processing 
amplifier at maximum sen- 
sitivity could cause the pickup 
of stray signals- 

The circuit board is laid out 
so that the LEDs and the 

STKOBE-THIGGEK OUtpUt jack J2 

are on an edge of the board 




PIG. 6— ANOTHER DART hitting another 
water balloont but from directly above. 

where they can look out 
through holes in the front panel 
when the board is mounted at a 
right angle to the panel with "L" 
brackets- 
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Providing a miniature phone 
jack (Jl) will allow interchange- 
able sensors. Using different 
style jacks for the trigger input 
and strobe outpnl prevents the 
possibility of damaging the 
Freeze Frames circuitry if a 
high voltage on the flasli unit 
were suddenly connected to the 
input of the amplifier circuit!^': 
Even if you're going to be using 
only one sensor, having it re- 
mote from the rest of the circuit- 
ry is an advantage because it 
makes it much easier to set up 
photos and to protect the trig- 
ger parts from splashes and 
other abuse. 

Make the sensor assemblies 
with heat-shrink tubing and 
small diameter coaxial cable 
such as RG-174/U (see Fig. 3). 
Both the phototransistor and 
microphone are polarized com- 
ponents, so mal^e sure tiieir 
positive sides (the collector in 
the case of g2) connects to the 
center conductor of the coaxial 
cable, which, in turn, connects 
to the tip of the phone jack. Note 
the resistor in series with the 
phototransistor: we mounted it 
at the detector end of the coaxial 
cable and made the heat-slirink 
tubing long enough to cover 
both it and most of the case of 
Q2« The space between the 
coaxial cable and the outer heat- 
shrink tubing was filled with a 
little silicone rubber 

An infrared photodetector is 
recommended because it allows 
a setup under limited Ouores- 
cent lighting, which is low in IR, 
At the same time, many of the 
events that will be triggering 
events (such as things blowing 
up. for instance) are high in fR, 
You will need to modify a (lash 
extension cord by replacing its 
normal camera-end connector 
^ with an RCA plug. There are a 
g couple of things to be aware of 
Z here. First check I he polarity of 
-| the voltage on the flash cord; 
$ the positive side must go to the 
^ anode of SCR I (the center of the 
g RCA jack) and the negative side 
:^ to ground. Also, the voltage on 
3 those leads varies widely: on 
I some strobes it might be only a 
^ cotiple of volts, while others 
Qj might be over 200 volts. There is 
fairly low energy Itere in either 
34 case, so we* re not talking about 



RG. 7-AIR-FILLED BALLOON hit by a 
pellet. The streak on Uie right side is the 
pelleL 




RG. 8— WATHR-RLLED BALLOON hit by 
a pelEeL The sound sensor was used 
with the report of the gyn providing the 
event trigger. 




RG. 9-^GHT BULB hit by a pellet The 
del ay was set at its minimum value for 
this shot 
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RG. 10— THE LIGHT BULB is almost to- 
tally gone in tills picture. Don't forget to 
wear goggles when shattering light 
bulbs* 



a lethal situation. Butyoull def- 
initely feel the higher voltage ff 
you touch it. If you don't want to 
purchase an extension cord to 
be dedicated to the Freexe 
Frame* you might be able to cut 
your existing cord and patch 
the tvvo ends together with an 
In-line plug and jack pair Make 
sure the male connector on the 
end of the cord is connected to 
the flash. Figure 4 shows the 
completed unit, 

lasting 

Any testing procedure should 
start with a close visual inspec- 
tion of your work. Make sure 
component polarities have been 
obsened. that all solder joints 
look good, and that there are no 
solder bridges on the circuit 
board. 

Don't plug in a sensor yet — 
our iniUal tests won't need one. 
Snap in a fresh 9- volt battery 
and turn the unit on by rotating 
the sensit ivity control clockwise 
bevond the detent; the power In- 
dicator (LED3) should light. If 
not. check for a dead battery, 
short circuits, etc. 

Set the SBNSiTivriT (R8) and 
DELAY (R12) controls to about 
the mld-polnt of their rotation, 
and set the sHoimi^oNG switch 
{S2) to "short." With a wire 
jumper or clip lead, short the tip 
and ground lugs of the Input 
jack Jl logethen If everj-^thlng^s 
working properly you should 
see both the trigger and fink 
LED*s flash briefly and appar- 
ently simultaneously If neither 
LED flashes, it could indicate 
problems in the sensor^process- 
ing amplifier, so check the cir- 
cuitry associated with ICl-a and 
-bp the polarity and assembly in- 
tegrity around diodes Dl and 
D3, and the circuitry associated 
with ICI-d. If only the triggkh 
LED lights, it could indicate 
problems In the timer circuitry 
associated with 1C2 or the final 
comparator ICl-c. 

Switch S2 to "long," and once 
again short the Input. Now you 
should be able to see a discerni- 
ble time delay between the flash 
from the trigcick and fire 
LED's. If you don't see an ob- 
vious delay It could mean prob- 
lems with the timer or with S2 
and CIO, 



Now plug in the microphone 
sensor Wiih the sensitivity 
control set to about mid-range, 
a finger snap from within a foot 
of the microphone should cause 
both the TRiGni':R and fire LED's 
to light. At maximum sen- 
sitivity, a finger snap within sev- 
eral yards should trigger the 
unit, and at minimum sen- 
sitivity you wili have to be wlth- 
in a inch or so from the 
microphone. If there are no ob- 
vious differences in the sen- 
sitivity of the unit as the 
SENSITIVITY control is rotated 
over its range, check the wiring 
around potentiometer R8. If 
there is no response from the 
microphone as an input, check 
the wiring of the phone plug 
and coaxial cable of the micro- 
phone, as well as the polarity of 
the microphone. 

Plug in the IR sensor and 
point it at an incandescent 
lamp (fluorescent or Krypton 
lights might not have sufficient 
infrared energ\^ to be detected 
by the phototransistor). and set 
the SENsrrfvrr\ control to mid- 
range. Passing your finger in 
front of the photolransistor 
should cause the trigger and 
FiRK LED's to Hash briefly Strik- 
ing a match or lighting a ciga- 
rette lighter in front of the 
sensor should trigger the unit. 
If there are problems here, 
check the wiring of the senson 
in particular the polarity of the 
phototransiston 

Finally mate the RCA plug on 
the end of your modified llash 
extension cord with the strobe 
jack and lum the strobe on. Set 
the ARM/SAFE switch (S3) to 
*'arm'* and trigger the Freeze 
Frame, The strobe should flash 
when the hre LED flashes. If 
not, check the strobe first, mak- 
ing sure Its battery is good by 
firing it with its own test switch. 
Then check the modifications 
youVe made to the flash s exten- 
sion cord; make sure that the 
positive voltage from the strobe 
connects to the tip of the RCA 
plug. If there are still no results, 
check the SCR. 

Using the Freeze Frame 

The Freeze Frame helps you to 
get shots that would be difficult 
to obtain otherwise. But that 
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FIG. 11— YOU CAN TRIGGER A MILK DROP by polnling an IR emitter and !he sensor in 
the same direction toward the space through which the drop will fall through. 

You can look forward to giving 
your imagination a workout as 
you figure out what sensor to 
use, how to use It, and how to 
light the subject — not to men- 
lion thinking up an interesting 
picture in the first place. 

Each situation will be slightly 
different, but to get you started 
well cover first some basic prin- 
ciples on the camera side of 
things, and then look in detail 
at how the Freeze Frame pro- 
FIG. 12— THIS MILK CROWN is formed duced the photos shown here, 
after the drop hits. As we said in the opening, the 

essential idea Is that you're go- 
ing to be exposing the film with 
a brief flash of light while the 
camera shutter is held open, 
rather than the usual way of 
lighting the subject and briefly 
opening the shutter. The first 
obvious implication of this is ^ 
that the photography must be | 
done in the dark — not | 
darkroom dark necessarily, ^ 
where every tiny little crack ^ 
must be sealed against light, ^ 
RG.i3^THis MILK COLUMN forms later but dark— a moonless-night-in* m 
m the sequence. the^country^ kind of dark. % 

Sensor selection is usually 3 
doesn't mean that they're neces- pretty obvious. If the event that g 
sarily going to be easy. The qual- you want to photograph makes z 
ity of the pictures you get will a sound (like a popping bal- i 
depend to a large extent on how loon), use the microphone. If 
carefully you set up the shot, the event Is very quiet, makear- 35 





rangements for the event to in- 
terrupt a light beam. In the case 
of the milk drop, we found that 
milk was surprisingly reflecUve 
of infrared, and we were able to 
exploit this. Some events (like 
an exploding firecracker) pro- 
duce a flash and pop giving you 
a choice of sound or light sen- 
sors- 
After setting up the strobe 
and sensor you will need to do 
some trial events to get the 
proper sensitivlly and delay set- 
tlngs for the Freeze Frame, 
Since you won't be shooting any 
pictures, you don't have to do 
this part in the dark. You can 
get a pretty good preview of the 
photo just by watching the 
event when the strobe flashes. 
Persistence of vision will hold 
the image on your eyes retina 
for a short time, and you can get 
a feel for whether the delay is 
right or needs to be shorter or 
longen The range of delay is 
from 0.5 millisecond to 12 milli- 
seconds when S2 is set to 
"short" and 10 milliseconds to 
0.25 second when set to 'long." 

Proper placement of the flash 
makes a big contribution to the 
quality of the photo. For exam- 
ple, backlighting the subject 
slightly {placing the strobe so 
that it lights the subject from 
behind) will keep any back- 
ground clutter from showing up 
on film. When backlighting, 
make sure the strobe doesn*t 
flash directly into the camera 
lens or close enough to cause 
lens flares, unless you want 
them. Strategically placed **light 
baffles" can make things that 
you don t want in the photo, 
such as supports for the sub- 
ject, disappear by keeping them 
in shadow. Sheets of cardboard 
would be our choice material. 
^ but we used books or whatever 
g else we could lay our hands on, 
Z When you're trying to freeze 
motion, you need brief flashes 
I of lighi/Strobcs that arc too 
§ "smart" can produce a flash 
that Is amazingly long; we figure 
z several milliseconds judging 
a from the biurrcd results of our 
I first shots. Switch your Hash to 
^ its "dumb" (manual) mode and 
iD minimum energy settings if you 
get blurred results. If you are 
36 not able to do this, switch to 




FIG. 14— TO CATCH A STONE SKIPPING ACROSS WATER, we set up the camera on 
shore, and supported the flash and microphone sensor out in the water to get them 
closer to the action* 

not completely sure where all 
the pieces of a subject will be 
when the shot is taken- 

A tripod was used to free up 
hands needed elsewhere, but 
the camera can be handheld 
without much fear of blurring 
because the strobe will stop ihe 
action. A cable or other remote 
release can be used to open the 
shut ten but our Minolta Maxx- 
um 7000 had a self timer that 
we used Instead. We fotmd that 
a 2-second exposure was long 
enough to let us take a picture 
without rushing, and short 
enough to keep the film from 
being exposed. 

As the batten^ In a strobe 
ages, it takes longer for the unit 
to charge high enough to fire 
again. That can become an an- 
nojing delay if the Hash is inad- 
vertently fired during setup. 
The ARM/SATE switch keeps that 
from happening. Leave the 
switch In the "safe" position un- 
til you're ready to shoot a pic* 
ture, then switch it to "arm." 

Once we finished setting and 
adjusting the camera, strobe 
and subject placement, delay 
times, sensitivity, and other ad- 
justnients» the general se- 
quence for all shots was the 
same: 

il Arm the Freeze Frame and ac- 
tivate the self timer 




PIG. 15— THIS STONE was In the middle 
of skipping when we "caughr' It. 



another flash, A modern Vivitar 
636AF was smarter than we 
were, so we wound up using an 
inexpensive and ancient Vivitar 
253 for all of the shots shown 
here. 

You can use whatever film 
youYe used to; these shots were 
done on Kodachrome 64 with 
aperture settings ranging from 
f8 to fll. We used a fairly long 
lens (35— 80mm zoom) because 
taking som*' of these shots was 
a messy proposition and we 
wanted to keep the camera as 
far away as possible. Re- 
member, the larger the f-stop, 
the greater the depth of field. 
That is Important when you're 



2) Darken the scene 

3) Pray while waiting for the 
shutter to open 

4) Do the event 

5) Wait for the shutter to close 
and relight the scene 

6) Figure out what went wrong 
and do the next one 

Balloons and darts 

Figures 5 and 6 were shot 
with the microphone sensor to 
pick up the sound of a water- 
filled bcilloon bursting. Tlie mi- 
crophone was placed close to 
the subject, just out of the 
frame. No protection against 
splashes was needed in the case 
of the water balloon because 
splashing is minimal — most of 
the water just falJs and forms a 
puddle. 

In the case of the water- filled 
balloons, the SENSirivrn' (R8J 
setting was important because 
the event didn't generate much 
more noise than the self-timer 
opening the camera shutter 
(With too much sensitivity; the 
strobe triggered when the shut- 
ter opened J With air-filled bal- 
loons, the sKNSJTrviTY is not as 
critical because the balloons 
generate a louder sound w^hen 
they pop. 

The SHORT/LONG switch {S2) 
was set to "short" for those 
shots with the delay control 
(R121 set for a very' short period. 
In fact* it was the shortest possi- 
ble delay in most of the photos. 
The balloons were all sitting on 
an up-ended spray-can lid for 
support. Light ba riles kept the 
support from being lit. 

Balloons and pellets 

Figures 7 and 8 were pro- 
duced by shooting at a balloon 
with an air rifie (the balloon in 
Fig, 7 is filled with air and the 
one in Fig, 8 Is filled with water). 
The sound sensor was used, and 
the report of the gun provided 
the event trigger The sensj- 
TFvrrY control was set to mini- 
mum. The rifle was securely 
clamped to a tripod about 4 feet 
from the target and carefully 
aimed during set-up. Several 
sheets of corrugated cardboard 
were used as a back-stop for the 
pellets. We chose a pump-type 
air rifle rather than a cartridge- 
powered one because, by pump- 



ing it the same number of times 
for each event, we found it had a 
more constant muzzle velocity. 

Because air balloons are not 
as messy as water ones, we used 
them for setup. Simply place a 
balloon, arm the strobe, shoot 
the balloon, and see what hap- 
pens. Don't blink, or you 11 miss 
the part of the event Illuminated 
by the flash. If what you see by 
the light of the flash is the bal- 
loon just sitting there, increase 
the delay. If you don't see any 
balloon, decrease the delay. If 
you re not sure what you saw, 
shoot a picture annvay_ (There 
Is such a thing as serendipity) 

lt*s interesting to notice the 




FIG. 16— A CAPACfTOR EXPLODING is 
really quite a spectacie if you can reafly 
see what happens. 



difference between water bal- 
loons burst with a dart and 
those hit with a pellet. While the 
dart simply slides in, leaving 
the water in the balloon almost 
undisturbed (Fig. 5), the energy 
from the impact of the pellet 
sets up a shock wave like that 
shown in Fig. 8, In some of the 
piiotos you can see the pellet as 
a streak in the right-hand side 
of the frame. 

Light bulbs and pellets 

Shooting at light bulbs with a 
pellet gun (Figs. 9 and 10) is set 
up the same way and with sim- 
llar siiNsiTiviTY and dklay 
settings as shooting at balloons 
with pellets. Safety first here: 
Don't forget your protective 
safety goggles. 



Milk drops 

This is the "classic" stop-ac- 
tion photo, with a tip of the hat 
to strobe photography *s pioneer. 
Dr. Harold Edgerton, Since the 
splash produced by the drop is 
pretty quiets the phototran- 
sistor is the sensor of choice. We 
tried the microphone, but 
couldn t keep the camera shut- 
ter from pre-triggering the 
strobe. This common picture is 
usually taken by having the 
drop fall between a colli mated 
light source and photodetector. 
We tried that with our some- 
w^hat less-than-laboratory- 
grade stands and supports. It 
was difficult to get the eyedrop- 
per we were using as a drop 
source in Just the right position 
to break the beam. After playing 
around for a while, we found 
that milk is surprisingly reflec- 
tive of infrared. By placing an IR 
emitter and the sensor facing in 
the same direction pointing to- 
ward the space through which 
the drop would fall, we got very 
reliable triggering (see Fig. 11). 
The SENSITIVITY control was set 
nearly to maximum. 

In these pictures we used the 
long delay range. By adjusting 
the DELAY control, we were able 
to get shots of both the familiar 
milk "crown" (Fig, 12) and the 
reaction column that forms 
later in the sequence (Fig, 13), 

To help visualize the distribu- 
tion of flow vectors induced by 
the momentum imparted to the 
resting fluid by the fluid in mo- 
tion, we dyed the medium— just 
kidding. We thought it would 
look interesting to put some 
food coloring in the drops; nev- 
ertheless, it shows that the fluid 
that was in the drop winds up in 
the crown of the splash. 

Skipping stones ^ 
These were fun. We set up out- § 
doors by the side of a small g 
country lake on a moonless ^ 
night. A convenient wall gave us ^ 
a di^^ place to put the camera 
and throw rocks from, but the m 
support for the flash was put S 
out In the water to get it closer to g 
the action (see Fig. 14], The mi- g 
crophone was used as a sensor 2 
to trigger from the splash of the * 
stone hitting the water After en- 
con f//iued on page 87 Z7 



TWhat do you get when you mate a power 
I amplifier IC with a precision op-amp? 
f Answer: a ^'turbocharged" audio 
amplifier. 
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NOW VOU CAN BUILD YOUR OWN 

high -performance audio ampli- 
fiers from Inexpensive compo- 
nents and beat the high price of 
faclory-made amplifier mod- 
ules. The composlle amplifiers 
described here can improve 
stereo systems and other audio 
equipment with moderate 
power output. As you read this 
article you will probably lie able 
think of many applications for 
these circuits. 

The five souped-up audio am* 
plificrs are made by inserting 
monolithic power amplifiers in 
the feedback loops of opera- 
tional amplifiers. The "lur- 
bocharged" composites retain 
the low distortion and offset of 
the op-amps and the high-cur- 
rent handling capability of the 
power amplifiers. 

The amplifiers described here 
are: two simple 10- watt com- 



posites, a 33-watt bridge com- 
posite, a 40-watt composite 
with a single-ended summing 
connection, and a 70-watt com* 
posite with two current-sum- 
mlng amplifiers in a bridge con- 
figuration. The output power 
values of all circuits are in root- 
mean-square (rms) watts. 

Figure 1 is the pinout and 
functional diagram Ibr the Ana- 
log Devices AD71 UN, the preci- 
sion, high-speed op-amp that is 
a part of all the composite am- 
plifierB described here. The op- 
amps include both bipolar and 
field-effect transistors fab- 
ricated in a process known as 
BIFET technology. The pinout 
diagram is for plastic and ce- 
ramic DIPs. 

Figure 2 is the pinout di- 
agram for the National Semi- 
conductor LM 1875, the20-watt 
power audio amplifier (power 



amp) in all of the composite am- 
pliliers in this article. It is pack- 
aged in a flat-pack plastic 
TO-220 case. 

Single-unit or low-volume 
prices on the op-amps and 
power amplifiers are subject to 
wide variations among the vari- 
ous vendors. However, calcula- 
tions based on components 
from nationally advertised 
sources show the cost of the 
composites to be quite low. The 
component costs for each com- 
posite amplifier (except for 
power supply) were summed 
and divided by the amplifiers 
rated output power, and the re- 
sults averaged out to be less 
than SI per watt, 

A 10-watt composite 

Figure 3 shows the basic com- 
poslte amplifier circuit with 
1C2. an LM1875. in the feed- 
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FIG. 1— PINOUT AND FUMCTIONAL 
BLOCK DIAGRAM for the AD711 JN opcr- 
ationaf amplifier tn an 6'pin DIP. 
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RG. 4^A lO-WATT INVERTING COMPOSITE AMPLIFIER, 



FIG. 2«-PIN0UT DIAGRAM for the 
LMie75 amplifier m a TO-220 case. 



Circuit causes approximately 10 
dB less distortion than the non- 
inverting configuration of Fig. 3 
because the non-inverting pin 
of ICl, tlie AD711JN/ Is 
grounded. The AD711JN pro- 




OUTPUT 



Fia 3— A lO-V^ATT NON-INVERTING COMPOSITE AMPLIFIER 



hack loop of ICL an AD711JN. 
The circuit is a non- inverting, 
high input- impedance, unity- 
gain follower. It delivers 10 watts 
rms into an 8-ohm load at 1 
kHz, with a total harmonic dis- 
tortion of less than 0.003%, 
Total harmonic distortion 
(THD), a figure of merit for an 
amplifier, is the total root-mean- 
square (rms) harmonic voltage 
in a signal, as a percentage of 
the voltage at the fundamental 
frequency. THD should be as 
low as possible. The maximim 
offset voltage of this amplifier Is 
1 miUivolt. 

The basic composite circuit 
can also be configured as a low 
input-impedance inverting am- 
plifier as shown In Fig. 4, That 



duces more distortion when it is 
connected as a follower (Fig, 3) 
because of its large common- 
mode signal. 

Both ICk are operating within 
the same loop in Fig, 4, so a 
phase-lead network, consisting 
of capacitor CI and resistors Rl 
and R2, provides the necessary 
compensation to stabilize the 
response of both the AD711JN 
and the LM1875. This network 
can be tailored for specific ap- 
plications by providing a trade- 
off between bandwidth and 
phase margin as listed in Tkble 
1. 

The THD values given for 
these circuits include both dis- 
tortion and noise. At low fre- 
quencies, noise is the predomi- 



nant error source; at higher 
frequencies, distortion will in- 
crease because of the finite 
open-loop gain of the ampll- 
iiers. Even with this frequency- 
related increase, THD remains 
extremely low over the entire au- 
dio range. 

When functioning indepen- 
dently, the THD of the LM1875 
power amplifier vs. power out- 
put peaks at about 0.5 w^att. It 
produces about 0.05% THD 
into an 8-ohm load and 0,1% 
THD Into a 4-ohm load at this 
powder leveL That variation in 
THD vs. power level is charac- 
teristic of thermal feedback on 
the IC chip. It is also one of the 
benefits of thermally Isolating 
an external amplifier within a 
feedback loop, 

FET-lnput op-amps with low 
first-stage transconductance 
(such as the AD7 1 UN) tolerate a 
larger voltage swing on their in- 
puts than bipolar op-amps 
without producing the charac- 
teristic bipolar op-amp overload 
distortion. When open-loop 
gain decreases, producing a 
larger error on the summing 
Junction, a FET-input op-amp 
behaves more linearly than a bi- 
polar op-amp, making It the op- 
timum choice as the control am- 
plifier in composite circuits. 

Step response is an impor- 
tant consideration in many au- 
dio- amplifier applications. The 
composite amplifiers described 
here take advantage of the per- 
formance features of the 
AD711JN, For example, the 
AD711JN has twice the slew rate 
of the LM1875; if the AD711JN 
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TABLE 1— PERFORMANCE VS. COMPONENT VALUES 



Connection Resistor Resistor 
1 1 
{Kilohms) (Ohms) 



were slower, the LM1875 could 
overshoot significantly before it 
is corrected bv the AD71 UN. On 
the other hand, if the AD71 IJN 
were much faster than the 
LM1875, the driver would slew 
to the supply rail before the 
buffer could respond. 

Higher power composites 

The composite circuit con- 
cept can be expanded by con- 
necting two or mofe of them 
together. High -power amplifiers 
normally Include discrete tran- 
sistors with high breakdown 
voltages (typically over 100 
volts) and high current-han- 
dling ability Small IC power am- 
plifiers have breakdown volt- 
ages in the 30- to 50-volt range. 
Maximum power delivered to 
the load is directly related to the 
supply voltage. 

A bridge configuration ap- 
plies power to the load differen- 
tially Therefore, It can provide 
twice as much driving voltage to 
the load as a parallel or current- 
summing configuration. This 
permits higher power output 
from a given supply voltage (as- 
suming that the increased cur- 
rent demand can be met). Also, 
the slew rate delivered to the 
load is greater than the slew rate 
of either of the two IC driving 
amplifiers. 

33-watt composite bridge 

The circuit shown in Fig* 5 
combines two non-inverting 
composite amplifiers, A and B, 
in a bridge or differential output 
connection. It operates with an 
overall gain of 30 and It provides 
33 watts rms to an 8-ohm load 
with less than 0.002% THD at 1 



Capacitor -3dB Phase 
t Bandwidth Margin 

(Picofarads) (Degrees) 

35 
70 
85* 
25 
25 
90' 



Rgs. 3 and 4 — tO-watt 
composite amplifiers 
All capacitors are 50 volts, 
silvered-mica except as stated 
below, 

C3. — 0.01 ^F, 50 vollSp ceramic 
C5, C7— 10 ^jiF. 35 volts, aluminum 
electrolytic 

C6, C8— 0,1 50 volts, ceramic 
C2. C9— 1 liF, 35 volts aluminum 
electrolytic 

Fig, 5— 33-watt composite 
AH resistors are y^-watt, 5%, met- 
al-film except as stated below. 
R7, R15— 1.500 ohms, 5-watt,20%, 
wirewound 

All capacitors are 50 volts, 5%, 
silvered-mica except as stated 
be tow 

C2, C3. CIO, C11, C14 to CI 7— 0.01 

50 volts, ceramic 
C5. C7, C20, C22— 100 |iR 35 
volts, aluminum elecfrolytic 
G6, C8. C21,C23— 0.1 piR 50 volts, 
ceramic 

C25-C32— 1 ^R 35 volts, alumi- 
num electrolytic 

09, CIS— 0.47 |iR 20 %, 50 voltS, 
polypropylene 

C12, C24— 0.27 plR 20 %, 50-volt 

mylar 

Rg, 7 — 40-watt composite 
All resistors are i/i-watt, 5 %, met- 
al-fllm except as stated below 

R6, R8— tOOO ohms, y-t-watt, 1 
metal film 

R7, R16— 2000 ohms, y4-watt. 1%, 
metal film 

R11, R17— 1 ohm, 5'Watt, 20%, 
wirewound 

R12, R18— 0.33 ohm. 6-watt, 5%, 
wirewound 

All capacitors are 50 volts, 5%, 
sllvered-mica except as stated 
below 



kHz. AmpHlier C is a DC servo 
amplifier. 

Amplifier D inverts the Input 
signal 180° so that the output of 
ampIHier B is non-inverting 
Willi respect to llie circuit*s in- 
put. The low input-impedance 
of a high-gain inverting com- 
posite amplifier makes it diffi* 
cult to drive. To overcome this, 
two non-inverting composite 
amplifiers have been configured 
as a bridge amplllien and one of 
them is driven with a single op- 
amp inverter. 



C2, G3. C7. Ca. CI 5, CI 6— 0,01 p-F. 
50 volts, ceramic 

CIO. CI 2, C18. C20— 100 |jlR 35 
volts . aluminum electrolytic 
C11. C13, C19, C21— 0,1 piR 50 
volts . ceramic 

C23"C2a— 1 |iF. 35 volts, alumi- 
num electrolytic 

C4, C5— 0.47 ^iF, 50 volts, 20%, 
polypropylene 

Fig. 8—70 watt-composite 
All fBsistors are v^-watt, 5%, metal- 
film except as stated below 
R4, R8, R23, R27— 1000 Ohms, Va- 
watt, 1%, metal film 
eS, R9, R24, R2e— 2000 ohms, Va- 
watt, 1%, metal film 
R12» R16, R31, R35— 1-ohm, 5- 
watt, 20%t wirewound 
R13, R17, R32, R3&-0.33 ohm, 4- 
watt, 5% wirewound 
All capacitors are 50 volts, 5%, 
sTIve red-mica except as stateci 
below 

C3, C4. C7, C3. C14, CI 5, C22. 
C23, C26. C27, C30, C31, C37, 
038,— O.Ol ftF, 50 volls, ceramic 
CIO. CI 2, CI 8, C20. C33, C35, 
C40. C42— 100 jiF, 35 volts, alumt* 
num electroJytic 

Oil. C13. CI 8, C20. C34, C3B, C41, 
C43— 0.1 jxR 50 volts ceramic 
C46-C57— 1 (jlF. 35 volts, alumi- 
num electrolytic 

C2. C5, C25, and C28— 0.47 ^iR 50 
volts, 20%, polypropylene 
All semiconductors are Analog 
Devices AD711JN and National 
Semiconductor LM1875 
Note: AD71iaN's are available in 
single quantities from Active 
Electronics, Woburn, MA 01801, 
and LM1875"s are available from 
several Electronics Now adver- 
tisers. 
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RG, 5— A 33'WATT BRIDGE COMPOSJTE AMPLIRER. 



Figure 6 shows the authors 
prototype for the 33- watt bridge 
amphfler The four AD711JN's 
are show^ mounted in the mid- 
dle of the circuit board (white 
patches), and the two LM1875's 
are shown mounted on the 
heatsink (black surface}. 

The DC servo amplifier 

The compound composite 
amplifiers of Figures 5, 7» and 8. 
all include DC servo amplifiers 
that share a common function 
although some of their intemaJ 
components var>^. The DC servo 
in Fig. 5 (Amplifier CI will sense 
any net difference in DC voltage 
appearing across the load — and 
therefore any DC current 
through the load. The amplifier 
will servo any net dlfTerence in 



DC output voltage through am- 
plifier B, thus minimizing 
wasted power. The output of 
each composite passes through 
a low-pass filter that removes AC 
signals from the s^rvo loop. 

If the output of amplifier A 
were more positive than the out- 
put of amplifier B, the output of 
servo amplifier C would become 
less positive. Its output would 
then drive amplifier B, which 
inverts the polarity again. This 
Inversion makes amplifier Bs 
output Increasingly more 
positive until the two DC output 
voltages are equaL 

The single servo amplifier in 
the Fig, 5 circuit forces the DC 
offsets of the other amplifiers 
into equality, but does not re- 
move them. Any DC voltage ap- 



plied to the circuits input will 
still appear at both LM1875 out- 
puts, amplified by the circuit 
gain. Therefore, the maximum 
voltage swing or "headroom" 
available will be reduced, and if 
appreciable, maximum output 
power will be reduced. If DC 
voltage is present on the input ^ 
source, capacltive input coup- 9 
ling is necessary: | 

A 40-watt composite amplifier ^ 
The circuit in Fig, 7 combines ^ 
the outputs of t^'o non-invert- m 
ing composite amplifiers. Out- ^ 
put current is summed with 3 
resistors, and the output is ref- 
erenccd to ground. The output s 
from the first composite, ampli- S 
fier B, is coupled to the non-in- 
verting input of amplifier A, No 4t 




FIG. 6—THE AUTHORS^ PROTOTYPE FOR THE 33-WATT composite amplifier. The two 
LM1S75'$ are on the black heat $irik at top, and the four AD71 1 are the white patches In 
a square pattern on the circuit board. 
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FtG. 7"A 40'WATT COMPOSITE AyPLIFIER that includes a single-ended summing 
connection. 



phase inversion Is needed be- 
cause the two outputs are sim- 
ply added together. Amplifier C 



is a DC serv^o that differs from 
its counterpart in Fig. 5 be- 
cause its input is referenced to 



ground. It connects to the inver- 
ting input of amplifier B. and 
nulls any DC offset at that com- 
posites output. 

The circuit of Fig. 7 delivers 
slightly more power than the 
bridge circuit of Fig. 5, but the 
bridge circuit has a faster slew 
rate. The circuit of Fig. 7 also 
has its output referenced to 
ground. It delivers 40 watts rms 
with less than 0,0029% THD at 
IkHz into an 8-ohm load. 

A 70-watt composite amplifier 
The circuit of Fig. 8 delivers 
70 watts rms into an 8-ohm load 
at 1 kHz uith only 0 003% THD, 
It combines two of the current- 
summing amplifiers of Fig. 7 in 
a bridge. The current-summing 
amplifiers give the necessary 
high output-current handling 
capability. A differentia] output 
is obtained by connecting the 
two pairs of current-summing 
amplifiers in the bridge config- 
uration that allows the com- 
posite to drive ± 34 volts into a 
8-ohm load. 

TVvo DC servos keep the DC 
output voltage at both output 
pins at zero. As with the other 
circuits described here, any off- 
set would cause the amplifier to 
lose "headroom' or clip unsym- 
metrically. 

Figure 9 shows the authors' 
prototype 70- watt composite 
amplifier. Four AD7irs are 
shown as white blocks on the 
circuit board (lower left), and 
three more are shown on the cir- 
cuit board at k)wer right. The 
four LM1875's are shown in a 
horizontal row on the heat sink 
(gray area) above the circuit 
boards. 

Figure 10 is a graph showing 
THD (including noise) vs, power 
output plotted from the authors* 
breadboard versions of the cir- 
cuits described in this article. 
For comparison purposes the 
plot of THD vs. power output for 
the LM1875 as a stand-alone de* 
vice has been taken from the 
National Semiconductor data* 

Building the amplifiers 

These circuits can be built 
with dual or quad versions of 
the AD711 if you want to save 
board space. The AD711JN met 
all of the op-amp requirements. 
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FIG, 9— THE AUTHORS^ PROTOTYPE FOB A TO^WATT composite ampltfiet The four 
LM1875'S are In a row on the heat sink at the top, and the seven AOTIVs are the while 
patches on the two circuit bodrdd. 
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FiG. It)— TOTAL HARMONIC DISTORTION vs. POWER OITTPUT for trie composite 
amplifiers dlscnbed tn the text and a stand-alone LMtS75, 



but additional components 
might be needed for circuit sta- 
bility if olher op-amps are sub- 
stituted. The Parts List specifies 
the components selected for op- 



timum circuit performance. 

The composites have ampli- 
fiers within their feedback 
loops, so the differing frequency 
response poles of each amplifier 



could interacts causing circuit 
inslabiltty. Therefore, proper 
grounding and componenl 
layout are important. Build all 
circuits on a j^round plane. In- 
adequate circuit #*rounding and 
layout can increase THD by an 
order of magnitude. 

Keep all component leads as 
short as possible, and connect 
signal grounds to the ground 
plane. The plane and the power 
grounds are tied to the common 
connection of the power sup- 
ply's filter capacitors. 

Power supply bypassing is 
important in these circuits. Lo- 
cate the by-pass capacitors as 
close as possible to the ICs 
when building the circuits. 
Separate all high -current carry- 
ing wires or olher conductors 
from low-current or high-im- 
pedance conductors. Keep in- 
put and output leads as far 
apart as board space wilt allow. 

The power supplies 

The circuits must operate at 
the specified voltages to reach 
the power levels stated here. 
Those are typically ±25-volts 
DC for the LMI875 power am- 
plifiers and ± l5-volts DC for 
the AD7UJNS, The highest 
power output is reached when 
the LM 1875 s are powered from 
±30-voIl-DC {their maximun 
safe rating], and the AD711JNs 
are powered by ± 15 volt-DC. 

Mount all LM 1875 s on heat- 
sinks, but use an oversize heal- 
sink when operating any 
LIVI1875 at ±30 volts, its max- 
imum ilmiL The LM1875 dissi- 
pates 2 watts with an idle 
current of 70 milliamperesat ± 
15 volts. However, dissipation 
rises to 6 watts with an idle cur- 
rent of 100 milliamperes at 
±30-volts. 

The LM1875S limit the power 
supply voltage excursion of 
minus about 2.5 volts on top 
and bottom. For a ± 18-volt sup- 
ply the limit is about 15 watts 
I ms into an 8-ohm load, and for 
a ± 15- volt supply it is about 10 
watts rms. Estimate your volt- 
age requirements to obtain the 
power needed for any specific 
application. Remember that low 
supply voltages mean cooler 
running circuits and higher cir- 
cuit reliability r-e 




Add a convenient hold 
feature to any phone! 




TELEPHONE 
HOLD BUTTON 



BILL GREEN 

WE ALL KNOW THE STORV: WE'RE ON 

the phone in one room and need 
to be In another. So we lay down 
the first phone, go to the other 
phone and pick it up, go back lo 
the first room and hang up that 
phone* and then go back to the 
second phone — the one we 
needed to be on in the first 
place. Or maybe we don't go 
back and hang up the first 
phone, so that when we finish 
our conversation we forget that 
it's off-Iiook — and tlien wonder 
why we didn t get the important 
long-distance call that we were 
expecting. 
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RG. 2— PARTS-PLACEMENT DIAGRAM. 
You can make a PC board from the foil 
pattern we've provided and mount the 
parts as shown here, or use perforated 
construction board with point-to-point 
wiring. 
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FIG. 1— HOLD-MOOULE SCHEMATIC. 
When SI is pressed, the SCR fires and 
places LEDt and R1 across the phone 
lino. The line voltage drops to about 20 
volts, which holds the connection to the 
phone company ^5 central office. 
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FULL-SIZE hold-button foil pattern. 



PARTS LiST 

Rl—2200 ohms y^-watt, 5% 
R2— 1000 ohms,V4^watt, 5% 
R3— 47 ohms, '/^-watt. 5% 
LEDl— irght-emltling diode, any 
color 

SCRl— 2N5064. TIC47, MCR104 
or equivalent sjiicon-controlled 
rectifier 

SI— Normally-open pushbutton 
switch 

PC board or perforated con- 
stojction board, enclosure, wire, 
solder, etc. 



If the above scenario Is more 
real than you'd like to admit, we 
have a design for a simple and 
cheap little automatic hold 
module. Its so cheap (about 
S2.00) that you can make one 
for each of your phones. 

How It works 

As you can sec from the sche- 
matic in Fig. K the hold module 
connects across the phone line. 
When all phones are on-hook. 
there Is about 36 to 48 volts DC 
across the module. When SI is 
pressed, the SCR fires and 
places LEDl and Rl across the 
phone line, which causes the 
voltage to drop to about 20 volts. 
Enough current flows to keep 
the SCR conducting when SI is 
released. Its also enough cur- 
rent to keep the connection in 
the phone company*s central of- 
fice, so the phone is on hold. 
When any phone is picked up, 
the load of Uiat phone causes 
the line voltage to drop to about 
6 volts. At that point there is not 
enough current through the 
SCR to keep it conducting, so it 
turns off. When the phone is 
placed back on hook the line is 
released. Indicator LEDl glows 
when the hold is engaged. The 
gate of SCRl is kept from float- 
ing and turning on when SI is 
open by R3, and R2 limits the 
turn-on current through the 
SCR's gate. 

The SCR (a 2N5064 or equiv- 
alent) has a 200- volt forward 
and reverse blocking voltage. 
The maximum ring voltage on 
the phone line is 140 volts. The 
2N5064S minimum hold cur- 
rent is 5.0 mA at 25 degrees C, 

Assembly 

We have included a PC -board 
foil pattern for the hold module 
although it is simple enough to 
build on perforated con- 
struction board with point-to- 
point wiring. Figure 2 is the 
parts-placement diagram for 
the board. Select a small case 
for the projects or mount it in- 
side your telephone. The pro- 
totype was installed in a 
telephone outlet box with a 
built-in modular jack, and a 
modular plug was added. That 
allows the hold module to be in- 
confffiued on page 74 
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more. All are htgh-perler- 
mance orcuils that can bo 
butit al a reasonabkr cost 
PCPUG— ELECTRONIC 





[ ] BP2S1— COMPUT* 
ER HOBBYISTS 

HANDBOOK 

%&3S. A wrapup d ev- 
efythtng ibe computer 
hobbyist needs lo 
know m one easjr to 



rang* oi ttsaful nlif ■ 
once RtMn^ a a sn* 
9^ somfi. 




PROJECTS FOR HOME SECUR- 

ITV $tO.Q0.25 projects ranging 

from a sinfjio-doof pfotection cir- 
cuit ihni can Do completed in an 
hour or two. lo a sophisticated 
muiti-citannei security system. 
Each protect IS doscr4}6d Bi detail 



ol bow It WMta. inattuctiarks kn 
buidng ml It^ig^ and liow to 
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□ WTROOUCnON TO SATELLITE TV^„ tfl.». A dafiresvii midixlion to 
Ihe sjj*i|ea wrr&en ttw pix^e^^s^ntl efigmeef, elcclTDncs anthusiast Or {jtfian 
wtio Mailt to krww more tJotore l?wy buy 0 ■ 10 at 

□ BPl 90— ADVANCED ELECTROHK; SECURITY PROJECTS..„4S,95. Indijdos a 
passrve mtra-rad detector, a liber-op(s loop alarm, corr^utar-based aianns and an 
unusual torm o( ultiasoryc intruder deieciof 

□ BPZK— POWER SELECTOR GUIDE ^0.00. Conviete gu^ lo semconduc- 

lor poMor devices More ihan tOOO power tiarxHmg dOvices are included They are 
labutoted in alptia-numetic sequency. by tectvwial specs Includes power diodes, 
TtiyttslOnl^ Tnacs, ftwwr Transistors arid FETli 

n BP234— TRANSISTOR SELECTOR GUIDE ttom Companion volume 10 

BP23S Book cowrs more than 1400 JEDEC. JlS. arid bfaiwl-specific devKes Also 
conuum lissmg by case type, and e^ectronc parameters. Includes Darlington 
^ansJ3lors. fwgn-votaQa devices, higivajrrani devicas. hi^n pc^wer devices 

□ B P » ! t MM I MATBIX SOARO PROJECTS.^ IS^. Hefe aie 20 useM circuits 
that can Oe bmtl on a mn>^mMm txsard t^M ts |ust 24 boles by ten copper-tod stnps 

n BP! IT— PflACTlCAt. ELECTRONIC BUILOiNa BLOCKS^OOk 1.^.^.79. 
Oacdalfn, Timers, N«e Garwiicn, Rec&Aers, Comparators. Tnggers and more 

' LAIICUIAO£^^.SC«S. T1^ 68000 ts a 
assefnOiy ttfiguage ^loeases 
. Hare^ wtiai you need to know 



n BP179-ELECTRONIC CIRCUITS 
POR THE COMPUTER COKTROL OF 
ROBOTS ..... %TSQt, D^a and circmlstor 
mlerlacing The computer to the robot's 
motors iitvS sensors. 



CHECK OFF 
THE BOOKS YOU WANT 



□ BP£S9-^£rnNG THE MOST FROM VtMJR MULTWETER^ S5^. Covers 
ba&ics of analog and c^grial meiers. Methods ot component miwtq mdkxtos 
tarsisiors. ihyrdctots. lesistors, capacitors arxt odior actnw and passive deuces. 

□ aPSr— IC PROJECTS for BEGINNERS„.^5a PoMjr suppLes. radto and 
audio cinxiits. oso iaiors, bmers, swficttes. and more, tl youcanusoa sotoohng won 
you can buiid tfie$e devices 

[ BP37^50 PROJiCTS USING RELAYS. SCR S 4 TRiACS 15,50. BuOd prr- 

onty indicators, bght moduialors. warmnig devices, light dimmefs and more 



I RADtO^iOd RADIO HOOKUPS^M.SlilO- Repfumt of i92* booklei pnssents radio 
circijJts of tt» era indudirig legenerative, neutrodyrie, reRea 4 more 



BP42— SIMPLE LED aRCttTTS.... %5M. A lar^ s eie c t i gi ot sfliple appbctf tons 

tor Itus s^mpte etoctronit component 



< BPl2a— AUDIO AUPUFIER COWSTRLlC1lONL_».75. Constmcavi dMaai tor 
prwips and pcmer atnctOmn yp Vwough a lOCNuaet OC-cou^ed FED ampMar 



BP93— CRYSTAL SET COMSTRtlCTION^ $S.50-Ev«ryff«q yoy rwd to krvw 

al»ut bu^dd^ crystal tit>o rK^fvers 

BP2S5— INTERNATIONAL RADIO 
STATIONS GUIDE . S7.95. Proxies 
itvj ca-saal Ii:s3en<?c. ama!CMjr radpo DX&r 
and Ihe p-roieiisionar rad^n morijlOf wtih an 
assenliEil rolerenco wark designed To 
guide liim or her aroumJ than over mtjnj 
compttfn radio bands. 
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NIVERSAL 
REMOTE 

CONTROL 



ALMOST EVEItV VlKVK OF MnilKHN 

audio/video equtpiTient t omes 
equipped with an infrared re- 
mote control. Bui how many of 
your home*buiU electronic proj- 
ects have a remote control? 
Probably none, because you 
can't readily convert a television 
or VCR remote to your own ap- 
plication, and remote controls 
that you can easily interface to 
your own projects arc not com- 
mercially available. 

To us. "Not commerc Sally 
available" means "Lets build 
our own!" This article describes 
a multifunction infrared (IR) re- 
mote control system — a Irans- 
mitter and receiver — that you 
can build in one evening. The 
system Is designed to control 
four different types of devices: 
switches, ser\^o motors, a step- 
per-motor robot (see Radio - 
Electronics. April 1991). and a 
dual digital potentiometer IC, 
Only one kind of device can be 
^controlled at a 1 1 me. but enough 
^technical information is in- 
cluded in this article for you 
to adapt the remote-control 
system to almost any ap- 
pUcallon. 

IR transmitter 
theory 

The IR 
transmit- 
ter is 
based 




Add the luxury of a 
remote control to 
nearly any project 
you can think of. 



FRED EADY 

on ICl, an INS8048L micro- 
processor that attains high- 
speed operation with very low 
power consumption. That miero- 
proctrssor Is responsible for driv- 
ing and reading the 16-key 
keyf>ad and generating the 40- 
ktiz modulated infrared drive sig- 
nal. L^t's take an in-depth look at 
how those two tasks are accom- 
plished. 

A schematic depiction of the 
16- key keyi:jad is shown in Fig. L 

Ifyou*re 

Inleresicd 
in the 
"down 
and 
dirty" 
pm- 
gram 
de- 
tails, a 
fully 
docu- 
mented 
ma- 
chine 
language 
listing 
(IRXMIT 
ASM} is av-ail- 
ableaspart ofa 
self'unarchh'- 
ing ZIP file called 
IRSYSTEM. EXE on the 
I^-BBS (516-293-2283. 
1200/2400. 8N11 The keypad 
used in this project was from All 
Electronics Corp.. PO Box 567, 
Van Nuys, CA 91408 (800) 




826-5432, (part No. KP-16K Any 
fimclionally equivalent keypad 
can also be used. Each key con- 
tact surface inside the keypad is 
an intersection of a particular 
row and column. As you can see 
from Fig. 1, the o key is an inter- 
section of row 1 and column L 
and the 9 key is an intersection 
of row 4 and column 3. Al- 
though the layout of the keys in 
Fig. 1 doesn't match the actual 




layout of the keys on the key- 
pad. Fig. 1 is electrically correct- 
Also, while the 5 x 5 grid allows 
up to 25 kc>'S* the actual keypad 
has only 16 keys. 

Rows 1 through 5 are nor- 
mally held at a TTL high leveL To 
determine which key has been 
pressed^ ICl successively ap- 
plies TTL logic lows to each row 
from 1 to 5, and then reads the 
output of the columns. When a 
key is pressed, its row and col- 
umn arc shorted together, and 
the low applied to the row is 
transferred to the column 
(which is normally held high). 
As an example, if row 1 is being 
scanned and the o key is de- 
pressed » a low will be read by IC 1 
at column L That low will be 
decoded as a "0," A succession 
of "0'* characters will be sent as 
long as you hold the o key de- 
pressed. Table 1 shows how the 
pins on the back of the keypad 
connect to the pins on the mi- 
croprocessor and the corre- 
sponding microprocessor 
ports, 

Inirared tmnsmitter 

71ie enemies of the infrared 
signals that emanate from the 
transmitter are incandescent 
light, fluorescent light, and 
sunlight. Large amounts of 
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to 
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RG, 1— KEYPAD SCHEMATIC, Each key contact surface *s an intersection of a par- 
Ucular row and column. The physical layout of the keypad does not match the elec- 
trical layout. 



TABLE 1 
KEYPAD CONNECTIONS 



Keypad 
(see Ftg. 1) 


Microprocessor 
Pin Port 


JM 


34 


P17 


J1-2 


27 


P10 




35 


P24 


JI-4 


20 


P11 


J1-5 


36 


P25 


JV6 


29 


P12 


J 1-8 


37 


P26 


J2-1 


30 


P13 




31 


P14 


Also jumper Jt-6 to J2-3 
on back of keypad 



modulated, noisy infrared ener- 
gy are produced by those light 
sources. Most of the inter- 
ference is modulated in the 50- 
or 60-Hz range. A simple red 
plastic filter will screen out 
some of the noise, but to over- 
come the extraneous infrared 
interference* the transmitted 
infrared signal must be modu- 
lated at a high carrier frequency. 
In our system* the carrier fre- 
quency is 40 kHz^ — which Is re- 
quired by the GP1LI52X receiver 
module used. 

The IR transmitter schematic 
is shown in Fig, 2. The 40'kHz 



carrier originates at pin 11 of 

ICl (aDDRICSS tJVTCH ENAI^LE, OT 

ale] which provides a square 
wave that is exactly one fif- 
teenth of Id's oscillator fre- 
quency. In our system* that is 6 
MHz divided by ls* or 400 kHz. 
The 400-kHz signal is applied to 
the CLK input of IC3* a 4017 
CMOS decade counter which is 
configured to divide by 10 to ob- 
tain the desired 40-kHx carrier. 

The resultant 40-kHz sign a I 
at pin 12 of IC3 is gated by the 
output port P15 (pin 32) of the 
microprocessor and fed to pin 3 
of inverter/driver IC4, a 4049 
CMOS inverting buffer That 
buffer serves Iwo purposes: 
First* it Inverts the idle state of 
IC3 so that MOSFET gi is 
turned off when no characters 
are being transmitted. Second, 
it provides sufficient drive to the 
gate of Ql so that maximum in- 
frared energy is emitted by the 
infrared LED*s. 

As stated before, the 40 kHz 
carrier signal at pin 2 of IC4 
drives Ql s gate which turns Ql 
on and illuminates two IR LED's 
(LEDl and LED2) producing a 
40-kHz modulated IR signal, A 
logical "I" is a I-millisecond 



pulse of IR light and a logical "O" 
is a 0.5-milHsecond pulse. Each 
bit is scparaicd by at least 0,5 
millisecond to allow the IR de- 
tector to synchronize. Figure 3 
depicts how a Iraiisml 1 ted 
character "9" wotiid look on an 
oscilloscope. Tlie transmitted 
"Is" and "Os" are comvined in 
groups of eighi to form 16 dis- 
tinct characters as showTi in 1^- 
ble 2. To av^oid sequence errors 
and to allow the receiver to syn- 
chronize between transmis- 
sions, a 50-millisecond idle 
period is placed between trans- 
mission of each character. 

Infrared receiver 

The receiver* whose sche- 
matic is shown in Fig. 4, is 
based on the Sharp GPiU52X IR 
module, and the INS8048L mi- 
croprocessor. The IR receiver de- 
tects and decodes I he IR signal 
from the transmitter. Once 
again, if you want the raw de- 
tails, consult the machine code 
listings IRS\VITCH,ASM. IR- 
SERVO.ASM, IRRECROB ASM 
and IRPOT.ASM. which are part 
of the ZIP file called IR- 
SYSTEM.EXE on the RE- BBS. 

The GP1U52X IR Receiver/De- 
modulator is a hybrid IC/in- 
frared detector A PIN ( posit ive- 
intrinsic-negativel photodlode 
feeds an amplifier and li miter 
that provides a strong* clean 
signal which is filtered to re- 
move all frequencies outside the 
40-kHz passband. The resul- 
tant signal is demodulated to 
provide a waveform minus the 



TABLE 2 
KEYPAD CHARACTERS 





Row 


Col 


Binary 


0 


R0W1 


CQL1 


00001111 


UPC 


R0W1 


C0L2 


10100101 


owe 


R0W1 


C0L3 


10110100 


1 


R0W2 


C0L1 


00011110 


4 


R0W2 


C0L2 


01001011 


7 


R0W2 


C0L3 


01111000 


2 


R0W3 


COLl 


00101101 


S 


BOW3 


C0L2 


01011010 


8 


R0W3 


C0L3 


10000111 


3 


R0W4 


COLl 


00111100 


6 


R0W4 


C0L2 


01101001 


9 


R0W4 


C0L3 


10010110 


UP V 


ROWS 


C0L2 


11000011 


DW V 


ROWS 


C0L3 


11010010 


ADO 


R0W5 


C0L4 


11100001 


DEL 


R0W5 


COLS 


11110000 



■1 

cT ceT 



26 



40 



01 

VOLTS DC 




C5 
1 \ 



C6 



+ 5V 



C7 



ICl 
tNS804&L 



XTALl 



mL2 



RES 



32 



P17 
PIO 

m 

P11 

P25 
PI? 
P26 
P27 
P19 
P14 



P13 



Tl 
PSE 

P22 
P21 
P20 
D87 

oaG 

D85 
Ddi 
D83 
DZ2 
D81 
DBO 
ALE 



34 


Jl'l 


Cf 


J 1-2 


35 


J 1-3 


26 


J1-4 


36 


Jt-6 


29 . 


. J 1-6 


37 




38 




in 




31 


J 2-2 




J2-3 






0 


nc 


£J 


"■ s 
A1G 


22 


A9 


21 


S 

A8 


19 


s 


i Q 
10 




17 


S 


16 


N 


15 


S 


14 


s 


13 




12 




11 









ROWl 
C0L1 
R0W2 
C0L2 
R0W3 
C0L3 

mm 

C0L4 
R0W5 
COLS 



ra-KEY KEYf%D 



R3 



All 



A12 



ADDRESS JUMPER BLOCK 



ALE 20 



/ 




19 


/ 


/ 




17 


/ 




16 






15 






TJ 


/ 






/ 




1 1 


/ 




01 

£A 


/ 




7A 


/ 




25 


/ 




3 


/ 




4 


/ 










8 


/ 




7 


/ 




e 


/ 




9 


.0 


22 




A12 


2 




All 


23 



ALE 



1 27 [28 



OE 
D7 

06 

D5 

D4 

D3 

D2 

D1 

DO 

AID 

A9 

Ae 

A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
DE 



IC2 
87CB4 



FIG.2— IRTRANSMHTER schematic. The 40-kHz carrier is denved by dividing icrs 
oscillator frequency (6 MHz) by 15, to get 400 kHz, which is divided by 10 by IC3. 
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15 



CLK 




IC3 
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4017 



19 8 




NEXT CHARACTER- 
- 50ms- 



TTL HIGH 



ni LOW 
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FIG- 3— A TRANSMITTED CHARACTER weuld look like this if seen on an os- 
cilloscope. The transmitted "1's" and "OV are put together in groups of eight to form 
16 distinct characters as shown in Table 2. 



carrier 

The demodulated si^^nal is 
presented to ICl via the event 
counter input (n, pin 39). At 
this time the program residing 



in IC2 (an 87C64 EPROM) takes 
over. The idle state of the 
GP1U52X is normaUy high. As 
soon as the output pin of the IR 
detector transitions low. ICl 



starts an internal timer to mea- 
sure the incoming pulse width. 
Depending upon whether the 
pulse width is 0.5 or 1 millise- 
cond, a binary 0 or 1, respec- 
tively. is stored in a holding 
register. Once 8 bits are re- 
ceived, ICl attempts to match 
the 8-bit word with a term in its 
internal table to determine 
which character has been re- 
ceived. How the received 
character is used depends upon 
which one of the four functions 
is selected. 

lYansistors, buffers, & relays 

See Fig. 5 for program -selec- 
tion information. IRSWITCH. 
ASM, the first of four programs 
contained in the EPROM/ is se- 
lected by Jumpering both ad- 
dress jumpers (ah and A12). 

Basically, keys 1— Son the key- 
pad select ports pjo-pi? (pins 
27--34) of ICl respectiveiy The 
ITL logic levels at Pio-ri7 can 
tLtrn on a switching transistor. 



C4| 
.1 



ce 



m 



26 



40 




20 



C3 



32 



IC1 



PI 7 

INSa04BL P10 

P24 
P11 
P2S 
P12 
P26 
P21 
P19 
P14 
Tl 



3i 

28 'i^ 
36 +5V 
29_ f 

E. 

30_ 
31 
39 



XTAL2 



RES 



PI 5 



PSE 

P22 
PZ\ 
P20 
D37 
D86 
DS5 
DB4 
D83 
D82 
D81 

Deo 

ALE 



GND 



MODI 
6P1U5ZX 



OUT 



OE 



23 A10 



22 A9 



2t AO 



+ 5V 



A11 



ADDRESS 
JUMPER BLOCK 



ALE 20 



19 



IS 



\1 



15 



15 



13 



24 



25 



to 



22 



A12 2 



27 



28 



CE 

D6 

D5 

04 

03 

02 

01 

00 

AlO 

A9 

Afl 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

OE 



tC2 
87C64 



I 



All 23 



1 



FIG, 4— IR RECEIVER SCHEMATIC, It is based on the Sharp GP1U52X [R module and 
INS8048L microprocessor. The GP1U52X is a hybrid IC/inf fared detector that provides 
a strong clean signal for later filtering and demodulation. 



1 



JUMPERS 




All 


A12 


MEMORY MAP 




O 
0 


O 

o 


IRPOT 




I 


o 
o 


IRRECROB 




O 

o 


I 


IRSERVO 






I 


iRswrrcH 





PROGRAM 

START 
ADDRESS 



-800H 



A12 A11 


A10 A9AB 


A7 AeA5 A4 


A3A2A1 AO 


ADDRESS 


J J 


0 0 0 


0 0 0 0 


0 0 0 0 


IRSWITCH ^ OOOOH 


J 1 


0 0 0 


0 0 0 0 


0 0 0 0 


IRSERVO = OaOOH 


1 J 


0 0 0 


0 0 0 0 


0 0 0 0 


IRRECROB^ lOOOH 


1 1 


0 0 0 


0 0 0 0 


0 0 0 0 


IRPOT = 1 BOOH 



JUMPER 0N=0 OR J 
JUMPER OFF^l 

FIG, 5— PROGRAM-SELECTION INFORMATION. Four different programs 
(IRSWITCH.ASM, IRSERVO.ASM, IRRECROO.ASM, and IRPOT,ASM) are stored in the 
receiver's EPROM. The programs are selected via jumpers A11 and A12. 



drive a TVL buffer, or activate a 
solid-state relay. Pressing the 
ADD key allows any following key 
depression of keys I through 8 
to output a high on the corre- 
sponding port. Conversely, 
pressing the Di:i. key Ibliowed by 
any oDieys 1 throLigh 8 signals 
ICl to take the following port 
selection low. That allows any of 
the eight outputs to be turned 
"on" or "off' individually with- 
out interfering with each other 
To see this, use a logic probe to 
check pio as you press add or 
de':l followed by a i, At>i> i should 
take pio high while del i returns 
no to low 

Driving servos 

Hobby-grade servos are com- 
monly found in radio-controlled 
model aircraft and cars. How- 
ever, because servos convert 
electrical pulses to mechanical 
motion, they do have many 
other uses. Servos are easy to 
use once you understand how 
they work. 

The most common hobby ser- 
vos have a three-wire termina- 
tion: positive voltage, ground, 
and signal input. Positive volt- 
age is usually -f 5-vo!ls DC and 
ihc signal is a TTL-compatible 
variable- width pulse. A LS-mil- 
lisecond pulse will center the 
servo rotor increasing the pulse 
width to 2 milliseconds will 
move the servo rotor fully clock* 
wise. Decreasing the puise wid- 
th to 1 millisecond moves the 
servo rotor fully counterclock- 
wise. So. a pulse width between 
1 and 2 miiiiseconds will cause 
the rotor to travel in a specific 
direction and distance depend- 
ing on the applied pulse width. 
Pulses are normally applied 
about every 16 milliseconds to 
hold the ser\^o rotor in position. 
In our application, pulses are 
applied every 45 milliseconds. 

The IR remote control system 
can control a maximum of two 
hobby ser\^os as shown in Fig. 6. 
The program IRSERVO.ASM, 
which is selected by jumpering 
only Ai2, is used to drive them. 
The servos are operated by 
pressing the up v and down v 
keys for counterclockwise and 
clockwise rotation, respectively. 
The 0 key will center the selected 
servo rotor. Selection of servos 1 



and 2 is performed by pressing i 
for servo 1 and 2 for servo 2, The 
drive signal for servo 1 ori- 
ginates al pin 27 of ICl {vio] and 
the drive signal for servo 2 ori- 
ginates at pin 28 {vi 1 ), Wlien ser- 
vo 1 is active, a high Is present at 
pin 35 of [CI and when 

sen o 2 is active, a high is pres- 
ent at pin 38 U^jtI You can use 
those outputs to drive LED In- 
dicators with a PN2222 tran- 
sistor as shown in Fig, 6. 

Robot remote control 

Do you remember Ken the 
robot from the April 1991 issue 
of Radio-Electronics? He had a 
mind of his own. but the IR re- 
mote-control system will let you 
teach him some manners. The 
IR system gives you override 
control of Kens motions. You 
will need to change or re- 
program the original 8748H mi- 
crocontroller with the new 
version of the machine lan- 
guage. IRROBOT.ASM, which is 
included in the ZIP file IR- 
SYSTEM.EXE on the RE-BBS, 
(A new, preprogrammed 8748 H 
containing IRROBOTASM is 
available from the source given 
in the Parts List.) 

The IR receiver unit, which 
must be mounted directly on 
the robot, decodes the ui' v key 
as forward, i>own v as reverse, up 
c as left, and down c as right. 
The o key stops Ken in his 

PARTS LIST— TRANSMITTER 

AIL resrstors are Vk-watt, 5%. 
R1— 10 ohms 
R2-R4— tOOO ohms 
CapacKors 

CI , C2— 27 pF. ceramic dfsk 
C3^1 jiF. 35 vol Is. tan! alum 
C4-C7— 0.1 |iF, Mytar 
CS— to \Lf, 10 volts, eleclrolyiic 
S^micoitdyctors 

ICl— INSe048L micfoprocossor (Na- 
tional) 

IC2— 87C64 EPROM wilh transmilJer 
program installed 

IC3— MC140t7 CMOS decade counter 
IC4— MCH049 CMOS tnvefling buffer 
Di— lN400t diode 
01— IRF222 MOSFET 
LEDt LE02— T08 infrared light-emit- 
ting diode 

Other components 
XTALi-^-MHz crystal 
Kiscellaneoufl: On/off switch, 16-key 
keypad (All Electronics part number 
KP-16 or equivalent), PC board, plastk: 
case, 6-volt t^attery, ntibon cabie, wine. 
sxMer, etc. 




RG, 6— THE IR REMOTE CONTROL SYSTEM can control a maximum of two hobby- 
grade servos. The LED's indicate which servo is active. 



as well as details on how its 
done, can be found in the head- 
er section and main body of the 
program IRRECROB.ASM (in* 
eluded in IRSYSTEM.EXE). 
That program is set by jumper- 
Ing only am. Figure 7 details the 
connections between the IR re- 
ceiver unit and the robot. 

Remote potentiometer 

Program foun IRPOTASM, re- 
tnolely controls a digital poten- 
tiometer. The DS1267 dual 
solid-state potentiometer (made 
by Dallas Semiconductor) is 
composed of 256 resistive sec- 
lions, T^p points are provided 
between each resistive section, 
and each tap point is accessed 




FIG, 7— THE IR RECEIVER can be 
mounted on Ken the robot (see Radio- 
Electronics, April 1991) to give you full 
control over him, 

traclts. If you want Ken to roam 
as he originally did* the uku key 
puts him in his roving mode. All 
of the key combinations and 
codes used to manipulate Ken. 
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RG. 8— THE IR SYSTEM can remotety control a DS1267 dual scltd-stale potentro meter 55 
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RG. 9— THE TRANSMITTER AND RECEIVER are on the same PC board- Build the 
transmitter first, checking off each part in the transmitter parts list as you go. Put it 
aside when done^ and then build the receiver^ 
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COMPONENT SIDE for the tR transmitter and receiver boards. 
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SOLDER SIDE for the iR transmitter and receiver boards. 



by the wipen By clocking a 17- 
bit digital code into the dq pin, 
each potentiometer within the 
IC can be adjusted indepen- 
dently. The part is available with 
different resistance values, de- 
pending on your needs. 
Figure 8 shows how to con- 



nect the DS1267 to ICl on the 
receiver board. The up v and 
DOWN V keys raise and lower the 
resistance, while t> selects po- 
tentiometer 0 and I selects po- 
tentiometer 1, We use the o and i 
keys here instead of 1 and 2 
because the DS1267 data sheet 



PARTS LIST— RECEIVER 
At! resistors are l^4-wat1, 5%. 
RI, R2— not used 
R3. R4— 1000 ohms 
Capacitors 

CI , C2— 27 pF. ceramic disk 

03— 1 jjlF. 35 volts, tantalum 

C4. C5— 0,1 jjlR Mylar 

06, 07 — not used 

08—10 p.F, 10 volls. electrolytic 

Semiconductors 

ICl— INS8048L microprocessor {Na- 
tional) 

IC2— 87C64 EPROM with receiver pro- 
grams installed 
103, 104— not used 
D1— 1N4001 diode 
Q1— not used 
LED1. LED2— not used 
Other components 
XTAL1— 6-MHz crystal 
MODI— GPtU52X IR detector module 
(Sharp), or Radio Shack part number 
276-137 

Miscelianeous: On/off switch, PO 
board, two jumper blocks, wire, solder, 
etc. 

Note; A complete kit of parts for the 
transmitter and receiver (not includ- 
ing a battery and case) is available 
for $49,00 plus S3.00 S&H from Fred 
Eady, PO Box 541222, Merrit island, 
FL 32954, Check or money order 
only. For technical assistance call 
407-454-9905, 

labels the potentiometers as 0 
and 1. Again, pin 35 of ICl is 
high when potentiometer 0 is 
active, and pin 38 is high when 
potentiometer 1 is active. You 
can also use the LED indicator 
circuits connected £0 pins 35 
and 38 of ICL Both jumpers All 
and AJ2 must be removed to ac- 
cess IRPOT.ASM. 

Common factors 

The receiver and transmitter 
circuitry are almost identical, 
and they are built on the same 
PC board. Parts common to 
both circuits have the same 
part number, and parts added 
or removed from one of the cir- 
cuits will have corresponding 
part numbers added or re- 
moved. So, when a particular 
part number that's contained in 
both circuits is mentioned, the 
pan performs the same func- 
tion in both circuits, Wlien a 
part contained in only one of the 
circuits is mentioned, The refer- 
ence is limited to that particular 
circuit. 

The first and most important 
part common to both circuits is 
ContinuGd on page 76 
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FOR AUTOMOTIVE ACCESSORIES 



ADDING ACCBSSORIES TO A CAR OR 

truck was once a simple chore. 
Just run some heav>^ wire from 
the car battery to the load, 
through the Fire walJ to the 
dashboard* and connect the 
wires In series with a fuse and a 
toggle switch and the job was 
complete. With that huge, high* 
current switch mounted on a 
bracket strapped to the 
dashboard, a Hip of the wrist 
would activate the new accesso- 
ry and testify to the owners ex- 
pertise and initiative. 

But a plain old toggle switch 
hanging from the dashboard 
doesn't cut it anymore: it pre- 
sents a tacky, unprofessional 
appearance In todays motor ve- 
hicles. Besides looking bad. an 
old-fashioned lever switch 
could make you look bad, too. If 
you were to leave the power on 
when the Ignition key is off. you 
could kill the battery 

You can personalize your 
dashboard and avoid those tog- 
gle'SwltcIi headaches with our 
simple pushbutton power con- 
troller for high-current accesso- 
ries. When youVe finished, 
youll have a "smart" switch that 
blends in with the existing 
dashboard controls. An LED 
can also be installed to indicate 
the power state. 

The motor vehicle power con- 
troiler is si>ecially designed for 
under- 1 he-hood 
mounting. It is de- 
signed to switch a 
high current when 
it receives a posi tive- 
going pulse from a 
momentary switch. 
It could also be con- 
trolled by a spe- 
cialized device like a 
remote control radio 
receiver Pulses from 
a 555 timer IC could 



Add that custom touch to your 
automotive accessories with our 
power-'Controller module. 



DAVID A SWEENEY 



be used to trigger the power 
controller to flash warning 
lights. 

For pushbutton use, only a 
thin control wire runs to the 
dashboard, which helps make 
mounting easy As shown In 
Figure 1, a small switch, with an 
LED power indicaton controls 
power to a load, which could be 
lights, a siren, a winch sole- 
noid, or any other device that 
draws up to 10 amps. A fuse« 
which should be mounted as 
close to the battery as possible, 
protects the switched power 
Pressing the dashboard- 
mounted switch once activates 
a relay that supplies power to 



the load; pressing the switch a 
second time disconnects power 
from the load. 

The author designed the 
pouxr controller for a pair of 
quartz halogen lights that he 
added to his can The power con- 
troller delivers the 8 amps re- 
quired for the fog lights, and it^ 
controlled from a liny pushbut- 
ton blended into the dash- 
board, as show^n in Fig. 2. 

The power controller operates 
only with the ignition on. 
Therefore, if the driver doesn't 
remember to turn off the lights, 
the controller will. That way you 
won*t find a dead battery the 
next time you go to drive the car. 



Cireuitiy 

Figure 3 



shows the 





DASHBOARD 



RG. 1^THE POWER CONTROLLER Eets a smafi pushbutton control power to a load 
that draws up to 10 amps. 




RG, 2— THE AUTHOR DESIGNED the power controller for a pair of quartz halogen 
lights that he added to his car. The lights are controlled from a tiny pushbutton switch 
blended into the dashboard. 
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FOIL PATTERN for the power controller 




schematic for the power con- 
troller The controlJer is powered 
from the vehicle's accessory 



switch, so the load can receive 
power only when the ignition 
key is in the "on*' or "accessory" 



position. Relay RYl does the 
high-current switching (up to 
10 amps), and its coil requires 
only 38 milliamps. 

When you turn on the igni- 
tion switch In your car and 
press Sl> capacitor C3 ciiarges, 
causing pin 2 of EC 1 (wc only use 
half of a CD4013 dual flip-flop) 
to toggle high. The high output 
from pin 2 of ICl is applied to 
the gate of FET transistor Ql. 
which in turn energizes relay 
RYL The relay connects the load 
(up to 10 amps) to Uie car bat- 
tery After C3 discharges, a sub- 
sequent high from SI will toggle 
the flip-flop again, opening 
RYl s contacts. Capacitor C2 re- 
sets the flip-flop tt> ensure that 
pin 2 is low and that the load is 
disconnected when the accesso- 
ry voltage is first applied, FET 
transistor Ql can casiiy drive an 
extra relay in parallel with RYl, 



PARTS LIST 



All resistors are V4-watt, 5% 

R1— 10,000 ohms 
R2— 3300 ohms 
R3— 1000 ohms 
2200 ohms 
R5— 1500 ohms 
R6— 10,000 ohms 
R7— 2.2 megohms 
Capacitors 
C1— 0.1 |iF. ceramic 
02— 0-02 |iR ceramic 
C3 — 0.3 fjiR ceramic 
Samioonductors 
ICl— CD4013 dual flip^lop 102— 

LM781212'VOlt regulator 
Q1— IRF511 field-efleet transistor 

<FET> 
D1— 1N914 6\o6e 

LED1 — light-emitting diode 
(choose color to match existing 
lighting on dashboard) 

Other components 

S1 — momentary SPST pushbutton 
switch (choose one that closely 
lill matches existing switches on 
dashboard) 

F1— TO-amp fuse 

SOI— 5-pin DIN socket 

PL1— 5*pln DIN plug 

RYl— 12-volt, 10-amp relay (Radio 
Shack part number 275-248, or 
equivalent) 

Miscellaneous: PC board, 10-amp 
terminal strip, inline fuse holder, 
aluminum plate, encapsulating 
material, wire, solder, etc. 
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RG. 3— POWER-CONTROLLER SCHEMATIC. Because the power controller is 
powered from the vehicle's accessory switch, the load can receive power only when 
the ignition key Is on. 




FIG. A — ALL OF THE PARTS mount on a srngle-slded PC board for which we've 
provided the foil pattern. 



in case you want to control a 
second 10-amp load, (Do not 
connect two 10-amp loads to 
one relay.) 

An LM7812 12- volt DC reg- 
ulator (IC2) provides a stable 
voltage to run the circuitry, re- 
gardless of fluctuations in the 
vehicles power Capacitor CI 
provides decoupling for RYl. 

Construction 

AI! of the parts for the power 
controller should be easy to find 



at most electronics supply 
houses. The electronic compo- 
nents are mounted on a single- 
sided printed circuit board as 
shown in Fig, 4. WeVe provided 
the foil pattern for the PC board 
In case you want to make your 
own. Otherwise, use point-to- 
point wiring and perforated 
construction board. Be sure 
that the gauge of the wire you 
use for the load connections can 
handle 10 amps. 
A DIN socket (SOI) provides 



the low-current external con- 
nections to SI* LEDl, accessory 
powen and ground. A matching 
DIN plug (PLl) plugs into SOI to 
make those connections, (The 
load*s power and ground con- 
nections should be separate 
from the DIN connector). The 
DIN connector also makes it 
easier to change a power-con- 
troller module in case of failure, 




FIG. 5— THE POWER-CONTROLLER 
board is mounted on a 0.064-inGh alumi- 
num plate bent into a U-shaped frame. 
The DIN socket and the terminal strip are 
mounted on the sides of the U-b racket. 

without having to disconnect 
any wiring. If you don't have a 5- 
pin DIN connector you can use 
4-conductor phone wire to con- 
nect the module to power, 
ground. LEDK and SL if you do 
thaL you must ground the LED 
to the dashboard or any chassis 
ground as shown in Fig. 1. A 
terminal strip provides the con- 
nections from the load to the 
relay contacts. 

'fb make the power controller 
as durable as possible in a car's 
engine compartments the cir- 
cuit board was mounted on a 
0.064-inch aluminum plate 
bent into a Ll-shaped frame, as 
shown in Fig. 5. The DIN socket 
and the terminal strip were 
mounted on the sides of the U- 
bracket. The entire circuit was 
then encapsulated in a clear 
plastic resin block (the product 
is called Casting Resin) as 
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shown In Fig. 6. Encapsulation 
Is not necessarj', but it helps the 
circuit withstand the vibration, 
humidity: and temperature ex- 
tremes found under the hood of 
a can You should make sure the 
power controller works before 
encapsulating It, After encap- 
sulation, the unit becomes "dis* 
posable" if It falls because it 
can't be repaired. 

Installation 

After you've encapsulated a 
working module, you can 
mount it in your car Find a 



ty If there's no removable plug 
in the fire walL tr^' to snake the 
new wires through an opening 
where existing wires already 
pass through, h's often helpful 
to poke a coat 'hanger wire 
through the fire wall and to use 
a hook bent on the end of the 
hanger to pull the wires 
through In much the same 
manner as an electrician uses a 
fish tape to snake electrical 
wires through walls. 

Next connect power from the 
load to the conlroUer and then 
from the controller to the car 




FIG. 6^THE ENnRE CIRCUiT is encapsulated in a c[ear piastic resin block help it 
withstand vibration, humidity, and temperature extremes. 



place for the module somewhere 
under the hood away from a 
high heat source, {For example* 
avoid the exhaust- manifold side 
of the engine,! Route the control 
wire through the fire wall and 
connect it to the switch and 
LED indicator, which you 
should mount in the driver*s 
compartment. Be sure to drill 
the mounting holes slowly in 
plastic. 

Snaking wires through a fire 
wall can be difficult. Sometimes 
tliere s a plastic plug that can be 
removed to gain access to the 
interior of the car from the en- 
gine compartment. Be sure to 
weatherproof such openings 
after the power controller is in* 
stalled so vour car won*t be draf- 



battery. After checking all the 
connections, Instatl fuse FK 
You should now be ready to sit 
behind the whecL turn on the 
ignition, and operate the load 
that is connected to the power 
controller 

You can expand the design of 
the controller to incorporate 
two relays, both powered by Ql. 
or to connect something to the 
normally-closed (NC) side of 
RYL Howeven building an addi- 
tional power con t roller might be 
just as easy. Once you get used 
to the convenience of our motor- 
vehicle power controllen you 
could end up adding a number 
of custom pushbutton-con- 
trolled accessories to your auto- 
mobile. R-E 



RAY M. MARSTON 

TWO PRKVIOUS AKrttMJ:s iSE-ir- 

tern ben page 58 and October 
page 69 explained llie operation 
of the popular and vcrsaHle in- 
dustry-standard 555 timer IC as 
a tnonostable and astable multi- 
vibrator They gave examples of 
its use in accurate time delayer 
oscillator clrcuils. 

This iliird article starts by 
discussing the 555 as the key 
component in a Schmitt trigger 
circuit. It goes on to explain tile 
role of the 555 in various astable 
multivibrator or oscillator cir- 
cuits with many practical ap- 
plications. Those circuits in- 
clude light- and dark- as well as 
hot- and cold-actuated alarms. 
Other circuits are a code prac- 
tice oscillator, a door buzzen a 
continuity tester, a signal gener- 
ator and a metronome. Various 
light-actuator and relay-driver 
circuits are included. 

Schmitt trigger 

Figure 1 is the pinout and 
functional block diagram for 
the 555 timer IC. In previous 
articles it was pointed out that 
for a 555 in the time-delay oper- 
ation mode, timing can be pre- 
cisely controlled by one external 
resistor and one capacitor. For 
astable operation as an os- 
cilia ton the free-running fre- 
quency and duty cycle can be 
accurately controlled with two 
external resistors and a single 
capacitor. 

It is worth recalling that the 
555 can be triggered and reset 
on falling waveforms, and the 
output circuit can source or 
sink up to 200 milliamperes. or 
drive TTL circuits. The 555's 
features include normally on 
and normally off outputs. 

Figure 2-a illustrates the 555 
IC as the active component in a 
Schmitt trigger circuit. Notice 
that the 555^strigge%r pin 2 and 
TURBSHOLD pin 6 are connected 
to form an input terminal Ex- 
ternal input signals are applied 
directly at that point. The 
OUTPUT pin 3 becomes the out- 
put terminal* 

[ntemal comparators A and B 
(see Fig. 1) are biased with an 
on-chip voltage divider. That di- 
vider biases comparator A at 




OSCILLATORS 

Put the 555 time to work as a Schmitt 
trigger or as the heart of light and 
temperature alarms and drivers, a 
metronome, and a continuity checker. 
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p[0. 1— PINOUT AND FUNCTIONAL eLOCK diagram of Itie 555 timer IC. 



two-thirds of the supply voltage, 
and the non-inverting terminal 
or comparator B at one-third of 
the supply voltage. Comparator 
A drives the R input and com- 
parator B drives the S input of 
the on-chip R-S flip- flop. 

When the input voltage of the 
circuit in Fig. 2-a rises above 
two-thirds of the supply voltage, 
the 555 output switches to its 
low state. It remains there until 
the input v^oltage falls below 
one-third of the supply voltage. 



Then the outpui switches high 
and remains high until the in- 
pul rises above the two-Uiirds 
supply level again. 

The difference between those 
two trigger levels Is called the 
hysteresis value. It is one-third 
of the supply in Fig. 2-a. That 
large hysteresis makes the cir- 
cuit useful in signal con- 
dilionlng where noise and 
ripple must be rejected, as 
shov^Ti in Fig. 2-b. 

Figure 3 shows how the cir- 




FIG. 2-'A SCHMITT TRIGGER CIRCUIT 
formed wJth a 555 timer IC, 

cuit in Fig. 2-a can be modified 
into a high-performance sine- 
to square-wave converter useful 
at input frequencies up to about 
150 kHz. The voltage divider 
formed by Rl and R2 biases the 
input terminal (pins 2 and 6) of 
the 555 at its quiescent value of 
one-half the supply voltage (i.e., 
midway between the upper and 
lower trigger values}. 

The sine-wave input signal is 
superimposed on this point 
with capacitor CI. Square-wave 
output signals are taken from 
pin 3 of the IC. Resistor R3 is 
wired in series with the input 
terminal to ensure that the 
sine-wave signal is not distorted 
when the 555 switches. 

Figure 4 shows liow the 
Sehmitt trigger circuit can be 
made into a dark-activated relay 
actuator by wiring the light-de- 
pendent voltage divider consist- 
ing of po ten ti omen ter Rl and 
photocell R2 to the input termi- 
nal of the IC. Tlie potentiometer 
and photocell resistance values 
are nearly equal at the middle of 
the light-activation range. 

The inherently high input 
backlash or hysteresis of the 
Sehmitt trigger limits the 
usefulness of this circuit to very 
specialized light-sensing ap- 



plications. A more useful relay- 
driving, dark-activated switch- 
ing circuit is shown in Fig. 5. It 
acts as a fast comparator rather 
than a true Schmitl trigger. The 
riiRKSHoi.r^ pin 6 to internal 
comparator A of the 555 is tied 
permanently high by resistor 
r^3, while the output of the 
light-sensing potentiometer Rl 
and photocell R2 voltage divider 
is applied to triggbk pin 2 of 
comparator B. 

The photoresistive element 
for this circuit can be any cad- 
mi um-su If ide photocell whose 
resistance is between 470 ohms 
and 10 kikjhms at the desired 
turn-on light level. The circuit 
in Fig. 5 can also function as a 
light' (rather than dark-) acti- 
vated switch by exchanging the 
positions of the potentiometer 
and photocell as shown in Fig. 
6-a, 
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FIG. 3— A SCHMUT TRIGGER SINE- 
AND SQUARE- wave generator formed 
with a SSS la 




FIG. 4— DARK-ACTIVATED RELAY 
SWITCH BASED on the 555 has a lot of 
hysteresis. 

The circuit can also function 
as a temperature-activaled 
switch by substituting a ther- 
mistor with a negative tempera- 
ture coefficient for the pho- 
tocell, as shown in Figs. 6-b and 
6-c. (A thermistor with a nega- 
tive temperature coefficient de- 
creases in resistance as temper- 



ature increases.) The ther- 
mistor for this application must 
have a resistance value between 
470ohms and 10 kilohms at the 
desired turn-on temperature. 
Thermistors arc topically pack- 
aged as radial-leaded disks, and 
their resistance values are spec- 
ified at 25"^ C. 

Stable of oscillators 

The 555 in the as table multi- 
vibrator or oscillator mode has 
three outstanding advantages 
over other kinds of oscillators; 

• Excellent frequency stabilit>^ 
with variations in supply volt- 
age and temperature. 

• Frequency variable over a 
wide range with a single poten- 
tiometer control. 

• Low impedance output that 
can source or sink currents up 
to 200 miiliamperes. 

Figure 7 shows the 555 as the 
scEniconductor IC in a Morse- 
code practice oscillator. The cir- 
cuit is an oscillator with its fre- 
quency variable from 300 Hz to 
3 kHz by adjusting tone control 
potentiometer R3. The sound 
volume of headphone 7A can be 
varied with potentiometer R4* 
and tlie headphones can have 
any DC resistance from a few 
ohms up to a lew megohms. The 
oscillator circuit draws no 
quiescent current until the nor- 
mally-open Morse key connects 
the circuit to the 5- to 15-voIt 
supply. 

Figure 8 shows the 555 as the 
semiconductor device in a sim- 
ple electronically actuated door 
buzzer. Pushbutton switch SI 
connects the 555 to the 9-volt 
battery, and the output of the IC 
is coupled to speaker SPKRl 
through capacitor C4. Capaci- 
tor Ci produces a low supply- 
line impedance, ensuring ade- 




FIG. 5-^MlNIMUM^BACKLASH, DARK- 
ACTIVATED relay based on the 555. 




FIG. 6— ALTERNATIVE SENSOR CIR- 
CUITS for Ftg. 5 provide actuation by 
light (a), under-temperature (b), and 
over-tamperatureic), 

quale on I put drive current to 
the speaker when SI is closed. 
The circuit generates a monoto- 
ne buzzing sound set by poten- 
tiometer R2. 

Figure 9 shows the 555 as the 
semiconductor component in a 
continuity tester that generates 
an audibie tone only if the resis- 
tance between the test probes is 
less than a few ohms/The cir- 
cuits operation depends on an 
output tone that sounds only if 
the kizshrr (pin 4) is biased 
positive to about 600 millivolts 
or greater by sensitivity potenti- 
ometer R5, Pin 4 is normally 
pulled to ground by resistor R2, 
so no tone is heard. 

For the buzzer in the circuit of 
Fig, 9 to sound, the two probe 
tips must touch, connecting R2 
to the output of the reference 
generator formed by resistor R3 
and Zener diode Dl through 
sensit ivity potentiometer R5. 
Potentiometer R5 must be care- 
fully adjusted so that a buzzing 
sound is barely audible. Con- 
sequently if the resistance be- 
tween the probe tips exceeds a 
few ohms when a continuity 
test is being made, the buzzing 
tone will not be heard. The cir- 
cuit draws several milliamperes 
whenever SI is closed, even if 
the probe tips are not touching* 

Figure 10 shows the 555 func- 
tioning as a signal generator for 
testing both audio and radio- 
frequency circuits. The circuit 
oscillates at a frequency of a few 
hundred hertz when SI is 
closed. Its square-wave output 
is verj^ rich in harmonics, and 
those can be detected at fre- 
quencies up to tens of mega- 
hertz with a radio receiver. The 
signal level can be varied by ad- 
justing potentiometer R3. 



In Fig 1 1 the 555 is the active 
component of a metronome 
with a beat rate variable from 30 
to 120 beats per minute. The 
beat rate can be set by adjusting 
potentiometer R3, and the beat 
level can be set by adjusting po- 
tentiometer R4. this circuit is a 
modified version of the stan- 
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FIG. e^ELECTRONIC DOOR BUZZER 
based on the 555. 




FIG, 9— CONTlNUrrY TESTER based on 
the 555. 

dard astable multivibrator in 
which the main timing network 
Is driven from output pin 3 of 
the IC. 



When the output switches 
high. CI charges rapidly 
through diode Dl and resistor 
Rl in series to generate a beat 
pulse only a few milliseconds 
long. When the output switches 
low again. CI discharges 
through potentiometer R3 and 
resistor R2 In series to provide 
an off period of up to two sec- 
onds (30 beats per minute). The 
output pulses are fed to speaker 
SPKRl through leveUcontrol po- 
tentiometer R4 and buffer tran- 
sistor QL 

LED flashers and alarms. 

Figures 12 to 14 show the 555 
in LED flasher applications in 
which the LEDs have equal on 
and o/T switching times. With 
the component values shown, 
each circuit flashes at a rate of 
about one flash per second. 

The circuit in Fig 12 has a sin- 
gle-ended output. Either a sin- 
gle LED (or LEDs In series) can 
be connected between the 
OLFTPijTpin3andGROu:^Dpin lof 
the 555, and all LEDs turn on 
and off together Resistor R3 
sets the on current of the LED s* 

The circuit in Fig, 13 is sim- 
ilar to that of Fig. 12, but it has a 
double-ended output connec- 
tion. The LEDs above pin 3 are 




FIG, lO^SIGI^AL GENERATOR based on 
the 555 




na 11— METRONOME CIRCUIT based 
on the 555. 
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FIG, 13— LED FLASHER WITH DOUBLE- 
ENDED output. 



volts. The circuit oscillates only 
when pin 4 is pulled to a 
positive voUage greater than 
600 millivolts. That can be 
achieved only by turning on QL 

As one arm of the Wheatstonc 
bridge, resistors R4 and R5 ap- 
ply a fixed half'Supply voltage to 
the emitter ot'QL The photocell 
and potentiometer form the 
other arm that applies a light- 
dependent voltage to the base of 
transistor QL 

Under bright light, the pho- 
tocell offers low resistance. As a 
result, the base-emitter jiuic- 
tion of Ql is reverse biased* and 
the circuit does not oscillate. By 
contrast, under dark condi- 
tions> the photocell resistance 
is high, so Ql and the oscillator 
are biased on. Normally^ polen- 
tiometer R2 is adjusted so the 
555 is triggered at the desired 
dark level. The photocell should 
have a resistance between 470 
ohms and 10 kilohms under 



this condition. 

The precision gating method 
described can trigger a variety 
or555 oscillator circuits to form 
useful audible alarms and relay 
drivers. By interchanging the 
photocell with the potentiome- 
ter, or replacing the photocell 
with a thermistor having a 
negative temperature coeffi- 
cient, those circuits can be trig- 
gered by increases or decreases 
beyond preset values in either 
light or temperature. Figures 15 
to 17 illustrate practical exam- 
ples of such circuits. 

Figure 15 shows an automatic 
heat- or light-actuated relay 
driver. The circuit works with 
any 12-volt relay having a coil 
resistance greater than about 
60 ohms. When actuated, the 
circuit triggers the relay RYl on 
and off about once per second, 

A heat-or llglit-activated mo- 
notone alarm is shown in Fig, 
16. When triggered, this circuit 
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FIG, 14— AUTOMATIC (DARK-ACTUATED) LED FLASHER, 



on when the LEDs below pin 3 
are off, and vice versa. Resistor 
R3 sets the on currents of the 
lower LED*s, and resistor R4 
sets the on currents of the up- 
per LEDs. 

Figure 14 shows how to modi- 
fy the circuit in Fig, 12 for auto- 
matic dark-actuation. Resistors 
R3 and R4, photocell Rl, and 
potentiometer R2 form a light- 
sensitive Wheatslone bridge 
that triggers the 555 through 
bridge balance-detector Ql and 
the RFiSET pin 4 of the IC, 

The oscillator is normally dis- 
abled by resistor R6, which 
pulls HESET pin 4 close to zero 




FIG. IS— HEAT- OR LIGHT-ACTUATED relay pulser 
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FIG. t&— HEAT- OR LIGHT-ACTUATED medium-power aOO*Hz alarm. 
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RG. IB— A 60-MINUTE TIMER based on the 555, 



generates a buzzing sound at 
about 800 Hz* Several watts of 
power are drawn from speaker 
SPKRl through buffer tran- 
sistor Q2* The resulting high 
speaker output current could 
transfer ripple voltage to the 
power supply so diode Dl and 
capacitor C3 protect the circuit 
from that interference. Diodes 
D2 and D3 clamp the inductive 



switching spikes of the speaker 
protecting Q2 against damage. 

Alternative sensor circuits 
thai can automatically activate 
tiic clrt:uits of either Figs. 15 or 
16 arc shown in Fig. 17, If light 
actuation is desired, the sensor 
should be a cadmium-sulfide 
photocclL If the circuit is to be 
triggered when light level fails to 
a preset value (dark actuation). 



the circuit of Fig 17-a should be 
used. If the circuit is to be trig- 
gered when the light Intensi^' 
rises to a preset value (light ac- 
tuation), the circuit of Fig 17-b 
should be used. 

If you want temperature actu- 
ation, use a thermistor with a 
negative temperature coeffi- 
cient as the sensor For under- 
temperature operation, vise the 
circuit of Fig. 17'C; for over- tem- 
perature operation, use the cir- 
cuit of Fig, 17-d, Regardless of 
the kind of operation desired, 
the sensor element must have a 
resistance value between 470 
ohms and 10 kilohms at the de- 
sired trigger level, 

Long'period timers 

A 555 can function as a su- 
perb manually- triggered relay- 
driving timer when it is con- 
nected in the monoslable or 
pulse-generator mode. In prac- 
tical applications, such a circuit 
will not generate accurate tim- 
ing signals of more than a few 
minutes because they require 
an electrolytic capacitor with a 
high capacitance value. Elee- 
t ro lytic ca pac i tors typ i ca 1 ty have 
wide tolerance values ( -50 to 
+ 100%) and large and unpre- 
dictable leakage currents. 

If the 555 is to be the active 
component in long-period 
timers, the external circuitry 
must include a capacitor other 
than an electrolytic. Figure 18 
sirows* as a block diagram, the 
principles behind a design for a 
60-minute relay-driving timer. 
In this case, the 555 is orga- 
nized in the as table mode, ft has 
its output connected to the relay 
driver through a 14-stage bin- 
ary divider IC- That configura- 
tion gives an overall division 
ratio of 16,384. 

If the output of the 555 is set 
to zero at the start of an input 
count, the output will switch 
high upon receiving the 8192nd 
input pulse. The circuit will re- 
main high until the 16.382nd 
pulse arrives. At that time, the 
output will switch low again, 
completing the normal operat- 
ing sequence. 

In Fig. 18, the timing se- 
quence is initialed by closing 
SI. which connects the supply 
to the circuit, simultaneously 
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FIG. 20— EXTRA-LONG PERIOD RELAY OUTPUT TIMER provides 100-minute to 20- 
hour intervals. 
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triggering the oscillator and set- 
ting the counter to zero through 
capacitor C2 and resistor R3. 
That drives the counter output 
low and turns the relay on. The 
contacts of RYl maintain the 
power supply connection once 
SI is released. 

This condition is maintained 
until the 8192nd oscillator 
pulse arrives at the input of the 
counter. Then the counter out- 
put switches high and turns the 
relay off. As the relay turns off, 
the contracts of RYl open, dis- 
connecting the supply from the 
circuit and completing the oper- 
ating cycle. 

In this circuit, the oscillator 
must operate with a cycling 
period that is 1/8 192nd of the 
required timing period (0.44 
second for this circuit). Thai 
can be achieved with a 1 micro- 
farad polyester capacitor and a 
resistor of about 300 kilohms. 

Figure 19 shows how the de- 
sigti in Fig. 18 is implemented 
to form a practical relay-output 
timer circuit usefu! for one to 
100 minutes in two overlapping 
decade ranges. That circtiit is 
powered from a 12-volt supply 
The relay must have a coil resis- 
tance of 120 ohms or more. 

Figure 2U illustrates how the 
time delay of the circuit in Fig. 

19 can be extended by eon- 
necting an additional divider 
stage between the output of the 
555 and the input of the relay- 
driving output state, hi this cir- 
cuit a divide-by-ten 4017B 
CMOS IC is connected between 
the output of the 555 and the 
4020B 14-stage binary counter. 

The arrangement in Fig. 20 
gives an effective overall divi- 
sion ratio of 81.920, thus malt- 
ing delays from 100 minutes to 

20 hours available from this 
single-range timer Notice that 
both of the divider IC s are auto- 
mat ically reset by the series 
combination of capacitor C3 
and resistor R3 when switch SI 
is closed. 

Figure 21 shows to modiiy the 
circuit in Fig. 20 to make a 
wide-range general-purpose 
timer that covers one minute to 
20 hours in three decade-based 
ranges. The divide-by- ten stage 
is active only when switch Sl-a 
is at positions. R-E 
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HARDWARE HACKER 



Distant FM reception, UFO resources listing, UHV and VHF amplifiers, 
TV/FM booster circuits, and pseudoscience research. 



DON LANCASTER 



Judging from the letters and 
helpline catls. there s clearly a 
bunch of interest in alternate- 
science and pseudoscience topics 
among Electronics Now read- 
ers. Some genuinely believe, and 
others (like me) find these subjects 
fascinating reading. 

The two centermost secrets to all 
hardware hacking are curiosity and 
a sense of wonder — which explains 
why such wide- ranging topics as 
specialty hardwoods. Grecian urns, 
Buckeyball research, rubber igua- 
nas, the Powder & Bulk Solids t rade 
journal, and Unaja questing all are 
vastly more mainstream to hard- 
wane hacking than they would ap* 
pear at first glance. 

I come at all this from a traditional 
formal engineering background, I 
strongly belreve in such things as 
the laws of thermodynamics* and 
the value of performing simple and 
verifiable experiments. 

I also TBalize that getting relevant 
and accurate results in the lab end 
up nearly always to be the excep- 
tion, rather than the rule. I am a 
highly skeptical inquirer, albeit one 
who very much loves to run a stick 
over the bars of establishment 
cages. And I'm someone who al- 
ways likes to encourage people to 
think things out for themselves. 

As a researcher I feel there is a 
fuzzy something out there that I'll 
|j call the edge. This side of the edge, 
S things seem (at least to me) " proba- 
^ bty true." On the far side of the 
E edge, things appear "probably 
I false." To determine v/hich side of 
the edge a subject currently lies on. 
S ril often first apply the laws of phys- 
g ICS and my ability to perform expert- 
c ments. Second. I'll ask what the 
n laws of statistics have to tell us on 
a the odds of an occurence and on 
the data sample sizes. And third, 111 
88 try to apply Ockham's razor to find 



out if thei^ is a simpler explanation 
or a nnore likely underlying cause. 

After that. I'll ask some cmcral 
cultural questions such as: Where is 
the cash flow? CYou should always 
follow the money) Who benefits? 
Who loses? What psychological or 
other needs are being filled in all 
those persons involved? Could this 
make a good hoax? 

Were magic cookies involved? 
Are there any personality disor- 
ders? What irrelevant links are there 
to religions, conspiracies, or any 
politics? Has this ground ever got- 
ten plowed before? How thor* 
oughfy'? By whom? 

Do things seem s/^ghf/y ratty? Are 
there ''just enough" noise, loose 
ends, conflict, and missing pieces 
to fit the way the real world actually 
works? Are all of the fs dotted and 
the is crossed, rather than vice ver* 
sa? Are results carried to eight-deci- 
mal-place precision conspicuously 
absent? 

Ftnally. I'll try to apply my "likes 
water looks like a duck, and quacks 
like a duck" filter Especially if eggs 
are about to be laid. 

All of which leads up to my,.. 

Thoughts on UFO's 

On to today's story. You see. 1 
was abducted by a UFO enthusiast. 
Yup. a close encounter of the zeroth 
kind. 

Actually, I guess I did pay him to 
NEED HELP? 

Phone or write your Hardware 
Hacker questions directly to: 

Don Lancaster 

Synergetics 

Box 809 

Thatcher, AZ 85552 
(602) 428-4073 



be abducted. Mike Sherlock njns a 
great (and incredibly low cost) se- 
cret hideaway escape in the most 
remote portion of New Mexico's wil- 
derness outback. The Black Range 
Lodge. 

Mike is a sometime Hollywood 
type who has gathered great heap- 
ing bunches of footage into what, 
uncut, is twelve hours of video ten- 
tatively titled 7776 UFO Marathon. 
He is now in the process of editing 
down and securing the rights for its 
eventual commercial release. 

This material runs the gamut from 
hjlly professional and largely impec- 
cable network-T\/ footage on down 
Cwayyy... on down) to grainy black- 
and-white home videos from south- 
ern Florida box-only addresses. The 
special effects wouldn*t even rate 
the cutting room floor of a 1950s 
grade-Z sci-fi horror flick. 

For once. I am at a loss for words. 
To call this **lofe" is condescending. 
But calling it "evidence" is too 
strong. Besides, that word "evi- 
dence" has vastly different mean- 
ings to an engineer, a lawyer or a 
priest. So a neutral working defini- 
tion, the UFO resource base, is the 
sum total of the ^ilable words and 
images on this topic that are reason- 
ably coherent and more or less rele* 
vant to the subjecL 

After sitting through a full twelve 
hours of video and then some. I 
have come to three tentative con- 
clusions on UFO's: 
CI) The scope, breadth, and depth of 
the UFO resource base is much 
larger than I thought it was. 
C2) The potential credibility of at 
least a significant subset of the UFO 
rosource base appears to be higher 
than I expected. 

(3) The current UFO resource base 
represents a multimrllion dollar 
industry that now employs thou- 
sands on an International basts, 



both in and out of government. 

UFO Magazine appears to be the 
leading industry trade magazine, 
and the highest profile watchdog 
gnoup rs the Skeptical Inquirer The 
besi directory on the subject is the 
new Almanac of UFO Organiza- 
tions. Its written by David Blevins, 
published by Phadera, and stocked 
by Arcturcus, among others. It's 
sort of a combined Thomas Regis- 
ter and Michelin Guide. Td give it a 
four ET rating. 

Our resource sidebar for this 
month shows you many of the lead- 
ing places to go for further informa- 
tion on UFO's and any related 
phenomena — both pro and con. 
Tneat it as you would any other re- 
source listing. 

And a related contest,.. 

As for our contest this month, 
just answer the question Are we 
alone? in 70,000 words or less and 
send it in to me. There'll be dozens 
of my usual Incredtble Secret 
Mon^ Machine //books, along with 
an ail-expense-paid CFOB Thatcher, 
AZ) tinaja quest for two going to the 
best of all. 

Be sure to send al( of your entries 
directly to me here at Synergetics. 
rather than over to the Elec* 
tronics Now editorial offices. The 
entry deadline will be extended for 
any responses arriving from fifty 
light years or mone away. Especially 
if they don't have tinajas. 

Long distance FfVI 

We have had quite a few entries in 
our ultra-long distance FM recep- 
tion contest, so I thought we might 
review what can and cannot be done 
here. 

With most problems, there are 
usually both technical and cultural 
solutions. Judging from the abso- 
lute outrage Post-Newsweek Cable 
has caused locally by dropping all 
quality FM station coverage here in 
the Gila Valley* I suppose such 
things as petition drives, suitably 
annoying the politicians, rattling the 
Corporation Commission s cage, 
encouraging the competition, or 
promoting translators could be 
effective. 

So would changing listening hab- 
its. And newer FM transmission 
schemes are in the works with 



much higher effective ranges, es- 
pecially for stereo. But l*m voting 
with my wallet: I simply prefer not to 
send any of my hard-earned cash 
any longer to those whom 1 feel are 
clearly biting the hand that feeds 
thenn. 

At any rate, broadcast FM sta- 
lions transmit in a frequency range 
from 88.1 to 1 07.9 MHz on channels 
spaced 200 kHz apart. This is in a 
portion of the radio spectrum where 
thermal noise ultimately limits dis- 
tance reception— although daytime 
ignition noise can become dominant 
in urban areas. 

FM reception of any nearby sta- 
tions can become complicated by 
muttipath, where the signals bounce 
around any nearby hills and struc- 
tures. Steel or wire present in build- 
ings can also act as partial or total 
shields. And any Strang nearby sta- 
tion that s close in frequency to a 
weaker distant one can also give 
you fits. 

Urban solutions tend to center on 
small directional antennas with 
deep nulls, in shielded transmission 
lines that are carefully matched, and 
in good receiver selectivity. 

For remote rural areas, plain old 
low signal strength will usually be 
the main problem. But no matter 
where you are, the higher you can 
get your antenna, and the nearer 
you can get to a straight shot at the 
transmitter the better your received 
signal. 

FM signals are often horizontally 
polarized and travel best in a line-of- 
sight. In the basin and-range South- 
west* it is to have many stations 
come booming in on most any 
mountaintop from hundreds of miles 
away — on the cheapest receivers 
with zilch for an antenna. But distant 
reception can get difficult fast if you 
lose line*of'Sight, 

Many contest entries suggested 
putting an antenna on the mountain 
and then re broad casting somehow. 

Perhaps as a passive repeater 
(two unpowered back-to-back an- 
tennas that work surprisingly well in 
special instances): an active re- 
peater (isolated rebroadcasting on 
the same frequency to prevent feed- 
back); a translator Clow- power re- 
broadcasting on some other fre- 
quency): or an optical link (which 
sends out highly directional modu- 



lated light pulses), Sadly^ these 
don't seem too practical for me, 
since either going clandestine or 
hassling the Forest Service or BLM 
would be involved. There would also 
be lightning and power problems. 

The gain of an antenna is simply 
how much belter it works in its best 
direction than a comparable 
isotropic antenna that accepts sig* 
nals equally well frc»m any direction. 
Raising the gain of your antenna by 
a mere three decibels is the same 
as having the station double the 
transmitted power The standard 
baseline FM antenna is called a 
dipote and is shown in Fig. I^a. The 
dipole has a "figure-8" pattern 
which gives it a peak gain of around 
two decibels above isotropic. 

The dipole can be reduced in size 
by using twinlead with its 0.7 ve- 
locity factor Figure t-fa shows the 
standard hang -it-on- the- wall indoor 
FM Tee antenna. But don't forget 
that this antenna has a "figure-8" 
reception pattern, so pick your wall 
accordingly. 

If one dipole is good, then more of 
them should be better. A group of 
dipoles form an array. It turns out 
that you do not have to power all of 
your dipoles. Some of them can be 
passive or parasitic elements. The 
first parasitic element goes behind 
your dipole, and is called a reflector 

One or more additional parasitic 
elements can go in frt)nt of the di- 
pole. and are called directors. Usu- 
ally there is only a single reflector 
but multiple directors. The directors 
are usually shorter than the reflec- 
tor Those two clues tell you which 
way to initially "point" any antenna. 

Figure 1-c shows you one popular 
arrangement for active and passive 
antenna elements called a Yagt ar- 
ray. Yagi antennas are compact* 
have high gain, and exhibit stong 
front-to-back ratios. g 

Yagi antennas can be designed | 
for a single station, for the entire FM g 
band, or for all of FM and television Z 
com bi n ed . B roa d ba ndi ng i s done by ^ 
changing the sizes, lengths, and po- 
Sitioning of the elements. All other 
things being equal the narrower the a 
bandwidth, the higher the antenna s o 
gain. z 

Ferinstance. a single-channel i 
five-element Yagi might have a gain 
of 1 1 dB. That same antenna broad- ss 
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banded could have only a 5-dB gatn. 
Thus, a singie-station FM Yagi will 
usually deliver a stronger signal than 
will an "all band" TV antenna. 

Since they obviously would have 
to be expensive special orders, 
you'll normally buitd your own 
custom-cut Yagi antennas. One se- 
cret to narrow band and high gain is 
to use very thin directors. Tve 
posted an FM YAGI. PS design pro- 
gram to my GEnie PSRT We might 
look at this program some more in a 
future column. Let me know if you 
are interested. 

Yes, antennas can be stacked. 
But doing so often isn't worth the 
hassle. The second antenna at best 
adds only three decibels to what 
you've already got. And without 
proper impedance matching, you 
can actually degrade your signal. 

While Yagi-style FM antennas are 
often the simplest and best, there is 
another Hacker alternative. This 
one is called a rhombic antenna. It is 
just a parallelogram of wire sent ei- 
ther around or across "your room. 
Figure 2 shows the details. 

Inherently, a rhombic has a much 
larger area and thus (when properly 
designed, properly aligned, and 
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Thinking In PostScript (Retd) 22.50 
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The Whole Works (all PostScript) 349.50 

BOOK-ON-OEMAND STUFF 
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(A) Standard FM air dielectric test dipoie. 
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(B) *0n the wail" FM twinlead Tee. 
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(C) Seven element FM Yagi array. 



FIG. 1— SOME POPULAR FM antennas based upon ordinary dipoies. 



used in a proper focation) intercepts 
more signal for a potentially higher 
gain. Large C70-foot) FM outdoor 
double rhombics can reach a mind- 
numbing 28 decibels of gain! Broad- 
band, yet. 

But there is so much that can go 
wrong with a rhombic design, and 
so much cut and try is involved that 
you might want to save this as a last 
resort. And then only when there 
are no strong local stations. 

One useful paper on rhombic an- 
tennas is Improved Antennas of the 
Rhombic Class, run in the March 
1960 RCA Review. You also might 
want to check Try a Rhombic FM 



Antenna in the January 1982 issue 
of Audio, 

More info on Yagis, rhombics. 
and antennas in general can be 
found in any of a number of college 
or ham texts. The ARRL's Antenna 
Book or the Antenna Engineering 
f-iandbook by Jasik are typical clas- 
sics on the subject. 

Reception of FM signals can end 
up more art than science. So, if you 
are interested in only one particular 
FM station and all else fails, try 
black magic. Change the antenna 
direction and position it to try to find 
a local hot spot. You could try extra 
pieces of conductor in or near your 
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to station 




(A) Single rhombic antenna. 
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(8) Doubt© rhombic antenna. 



FIG. 2™THE RHOMBIC FM ANTEKNA Is 
tiumongously large, but it does offer ex- 
ceptianally high gain over a quite a wide 
bandwidth. 
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antenna. In one trial I found that 
shorting the antenna crossfeed with 
an aluminum yardstick dramatically 
improved the results for one target 
station. 

Some FM stations add vertical or 
Circular polanzation to their patterns 
to improve mobile reception, so a 
non-horizontal antenna might 
sometimes work better than you 
would first expect. Try it and see. 
Should you be mainly interested in 
one station, call the station and ask 
what pattern it uses. 

One final trick to deal with a noisy 
FM signal is to reduce its band- 
width. The quickest and simplest 
way to do this is to switch from 
stereo to mono. That halves the 
bandwidth and thus reduces noise 
by three decibels. Many modern au- 
tomotive stereo receivers do that 
automatically. 

It is also possible to use low-pass 
filters (such as the treble control or 
messing with the loudness curs/e) to 
further reduce the perceived noise. 




If you haven t already used 
Pomona lest accessories, you should. 
Theyie the besi because tlieyYe made 
that way. They give you reliable, 
accurate test connections or an interface 
that you can install and forget. 

You can choose from over 5,700 
standard, low-cost test accessories; RF 
connectors, cable assemblies, DMiM test 
leads, Grabber^ test clips, boxes ^ 
adapters, field serv ice test kits and lots 
more, including IMniona's new Rotating 
iMicrograbber^ test clip for fine- 
pitch ICs or fine wire. 
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You end up losing the station s high 
frequencies as well 

We better thnDw in sonne obvious 
safety warnings hetB: Outside and/ 
or high antennas must have light- 
ning protection. Antennas can kill 
you if they hit a power Irne when you 
are installing one. And any ladders 
and heights in general could be the 
cause of nasty to deadly falls. Think! 
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FM booster amplifiers 

Will an FM "booster" amplifier 
help us at ail? Can't we simply make 
the received signal buder? For a 
number of reasons, booster ampli- 
fiers can be anything from a disap- 
pointment to an outright disaster. 
But, with some care, boosters do 
have their uses. 

For any chosen station, any given 
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receiving antenna at any given place 
pointing in any given direction, there 
wtll be so many microvolts of signal 
appearing at your antenna termi- 
nals. There will also be so many 
microvolts of thermal agitation noise 
appeanng across the antenna termi- 
nals. At FM and higher frequencies, 
the amount of this rural noise usu- 
ally gets set by the temperatune of 
the antenna, and fittle else. At least 
for a given bandwidth. 

The ratio of those two voltages is 
known as the signal- to-noise ratio. 
A S/N ratio that can produce 20 dB 
of limiler quieting is needed to give 
you "good" FM reception. Anything 
less gets pnogressively noisier and 
more annoying. 

For a given fixed bandwidth and 
reception scheme, there is no 
known amptifier or other electronic 
method to imprme the mput signat^ 
to-noise ratio across your antenna 
terminaisf 

All the booster amplifier can do is 
amplify both the signal and the 
noise together Thus, if your input 
stgnal-to-noise ratio is too low. ihei^ 
is /?o way that anry amplifier can help 
you. You just cannot amplify a signal 
that is not there! 

Further any booster amplifier will 
add its own noise and always lower 
your stgnal-to-noise ratio. The extra 
amplifier noise over and above the 
thermal backgnaund is known as the 
noise figure. With care and the 
latest of UHF transistors, an FM 
first-stage norse figure under half a 
decibel (around five percent ampli- 
tude) can easily be achieved. On the 
other hand* throw in any old et- 
cheapo transistor and your FM 
noise figure can easily get out- 
rageously bad. 

Worse yet. if there are any strong 
signals that are also being amplified, 
they can overload your booster 
amp. splattering themselves all 
across the band and creating spurs 
or spurious signals. Its real easy to 
convince yourself thai your booster 
amp gave you "lots" of new sta- 
tions; in reality it is just the cruss 
modulation from strong local sig- 
nals. 

Finally, quite a bit of design effort 
has gone into the front end of most 
pnemrum FM receivers. Unless your 
booster has a better design than 
your FM receiver, it is almost certain 
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to degrade, rather than improve 
your reception. Most of those el- 
cheapo bargain boosters found in 
the yuppy catalogs will often make 
your signals motB, rather than less 
noisy. 

So* what good is a booster? A 
high-quality and properly desjgned 
booster can make up for transmis- 
sion losses down long cables. They 
can present a more standard and a 
better matched load to your anten- 
na- They can make up for a cheaper 
receiver front-end design— or for 
standing waves and some imped- 
ance unbalances. And they are par 
ticularly useful when you want to 
drive two or more receivers from 
one antenna at the same time. 

Figure 3 shows a simple broad- 
band hacker VHF amplifier you 
might like to experiment with. It 
uses a low- cost integrated amplifier 
from Mini-Circuits Labs. Since this 
is a very wideband circuit, you have 
to watch for saturation effects from 
any interfering signals. And thor- 
ough shielding is a must. Naturally, 
adding resonant circuits and limiting 
your bandwidth can give you much 
better results for the frequencies 
you are interested in. Bui that sure 
makes the design a lot more compli* 
cated. 

Radio Shack has a newer 1 5- 1 1 08 
broadband TV/FM booster that 
uses a pair of exceptionally hot 
Motomla MRF571 transistors. They 
have an S^gigahertz cutoff frequen- 



cy and an FM band noise figure of 
only 0.4 decibelsf Approximate 
schematics for the antenna and the 
base units are shown in Figures 4 
and 5. 

The antenna unit is made up from 
a switchable FM trap Cjust what we 
do not needl) and one fairiy low-gain 
amplification stage and cable driver. 
The twinlead serves two purposes: 
It routes DC power up from their 
base station and downlinks your 
partially amplified RF signals. The 
polarity of the DC power deter- 
mines whether the FM trap gets 
switched in or out. Ordinary silicon 
diodes do the switching. 

You might like to experiment with 
eliminating the FM trap. I don't trust 
its being there at all even in its sup- 
posedly "off position. To do this, 
you could try removing Ll. L2, R2* 
and CR2. while replacing L3 with 
the shortest possible jumper 

The base station is macfe up of a 
power supply and another transistor 
that acts as a line driver or as a 
distribution amplifier. There's also 
an adjustable attenuator to optimize 
the signal levels. 

Please let me know about your 
experiences in the way of receiving 
distant FM in difficult areas. 

New tech lit 

Motorola has announced several 
really exciting new chips. Especially 
the new MC144143 single-chip 
Closed Caption TVDecoderand its 
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F[G* 3— MINI-CIRCUITS LABS offer a number of ultra low-cost and easy-to-use broad- 
band VHF UHF amplifiers and hits. This circuit forms an FM booster with a ao-decibel 
gain and a 1-decit>el noise figure. Input and output tmpedancas are SO ohms. Pre- 
filtering must t>e used to reject any strong out-of-band signals. 
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While watching rent- 
al movies, you will 
notice annoying pe* 
riod»c color darken* 
ing. color shift, 
unwantecf lines, 
Mashing or jagged 
edgts^ This is 
caused by the copy 
protection jamnning 
Signals embedded 
In Ihe video tape, 
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copy prcteclion, the 
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exciting Video Sta- 
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Volt battery (last 1' 
2 years) 

- Fast UPS delivery 

• Air shipping avail' 
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back guarantee 

• 1 year warranty 
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RG. 4^APPR0XIMATE SCHEMATIC for the Radio Shack 15^1108 TV/FM booster anten- 
na unit The polarity of the DC power routed up the coaxial cable determines if the FM 
trap will be switched in or out. The low-cost Motorola transistors used have an 8- 
glgahertz bandwidlti and an FM noise figure of 0.4 decibalsl 




RG. S^APPROXIMATE SCHEMATIC for the Radio Shack 15-1108 TV/FM booster base 
unit. Swttch SW1 remotely activates the FM trap. Be careful not to mix up your cables^ 
the DC power on the coaxial cable could cause receiver damage. 



new DSP56401 Digital Audio Trans- 
ceiver. Preliminary data sheets and 
application notes are available fnom 
Motorola. 

We have a collection of unusual 
publications this month. Tony P^tti 
still prints his Cryptosystems Jour- 
nal that's big on cryptography and 



chaos topics. And the Journal of 
Computer Came Design is a great 
labor-of-love newsletter by Chris 
Crawford. 

Two unique music newsletters 
are Experimental Musical Instru- 
ments md Guitar Digest, And Solar 
Mind has just Introduced its "Holi- 



stic Approaches to Technology and 
Environment." 

The folks at Lindsay Pubiications 
are offering a large number of new 
titles. These include a turn-of-the- 
century reprint on Large Induction 
Coils, and a new one on do-it-your- 
self Ligiitning Bolt Generators. 
Lindsay has some great free cata- 
logs. These are "must have" hacker 
resources, 

I've been self-publishing quite a 
few titles these days using my new 
6oo/(-on-dema/7d process. Included 
are my Hardware l-lacker reprints II 
8i III, my Ask the Guru reprints f Jl §t 
111 ; my Blatant Opportunist L the new 
Resource Bin i and my LaserWriter 
Secrets book and disk combo. See 
my nearby Synergetics ad or call for 
your free hardware hacking bro- 
chure for more details. 

As usual, we've gathered many of 
the resources mentioned together 
into either of the Names Si Numbers 
or the UFO Resoi/rces sidebars. Do 
be sure to check these out before 
you call our no-charge tech helpline 
or phone for a free hacker secrets 
brochure. R^E 





TELEPHONE HOLD 




continued from page 45 



Stalled in line with any tele- 
phone. The PC board has tip 
(green) and ring (red) available 
at two places for the modular 
jack and plug. However, if you 
are installing the board inside a 
phone, you can hardwire the 
circuit directly across tip and 
RING, without using any input 
and output jacks. Figure 3 
shows the authors completed 
prototype. 

Using the hold module 

To put a phone on hold, press 
and hold SI until you hang up 
the phone; LED! will glow when 
the phone is on-hook. As we 
said before, the hold is automat- 
ically released when any phone 
is picked up- In the event that 
your phone Ihie is above or be- 
low 40 volts by vcr>^ much, you 
might need to vary the value of 
Rl to compensate for the dif- 
ference. The hold module will 
not put a significant load on a 
telephone line, so you can add 
as many of them as you like, r-e 



Electronics Now will keep you r friend in formed 
and up-to-date with new ideas and innovations 
in all areas of electronics technology 
computers, video, radio, stereo, solid state 
devices* satellite TV, industrial and medical 
electronics, communications, robotics, and 
much, much more. 

Well provide great plans and printed circuit 
patterns for great electronic projecLs, In just the 
last year. Electronics Now has presented amateur 
7V equipment, computer peripherals, stereo 
transmitters, test equipment, speakerphones, 
robots, audio amplifiers, power inverters, and 
much more, 

coming issues, Electronics Now will present 
ictical. educational, and money-saving 
Srojects like: an electronic drum, an audio 
effects generator, communications equipment, a 
light-beam communicator, a remote car starter, 
an uninterruptible power supply, and many 
others! 

PLUS equipment troubleshooting techniques 

circuit design reports on new technology 
and new products equipment test reports in- 
depth covemge on computers, video, audio, 
shortwave radio and lots more exciting 
features and articles. 

"Basil: siib rale-- 1 yr/$ia97 2yrs/S38,97 



Plug a 

Friend into 

EkOmncs 

NOW. 

and Save 017 A8! 

Tliis Chnstmas give an ekarifying gift ... plug a Mend into 
Electronics Now and brighten the whole new year! Whether 
electronics is your Mend 's livelihood or hobby your gift will 
illuminate the whole spectrum of electronics throughout the 
coming year and provide a monthly reminder of your friendship. 



SAVE SI 7.43* OR EVEN $35,83* For each 
gift of Electronics Now you give this Christmas, 
you save a full $17.43* off the newsstand price. 
And as a gift donor, youYe entitled to start or 
extend your own subscription at the same 
Special Holidav Gift Rate^ — you save an 
additional $17.43*! 

No need to send money if you preler. we'll 
hold the bill till January. 1993, Bui you must rush 
the attached Gift Certificate to us to allow time to 
process your order and send a handsome gift 
announcement card, signed with your name, in 
time for Christmas, 

So do it now .„ take just a moment to fill in the 
names of a friend or two and mail the Gift 
Certificate to us in its attached, postage-paid 
rep^ envelope. That's all it takes to plug your 
friends into a whole year of exciting projects and 
new ideas in Electronics Now! 
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AU About Ham Raditf by Hmry Helms, 
AA6FW, tells how to get your codefrce 
ham license and talk to the world. 
In over 300 pages, you'll kam about: 

• packet (computer~to-compmer) xzdio 

* hani television 

• using ham radio satellites 

* contacting stations in i'ot^ign countries 

and many other exciting topics explained 
in a friendly, humomus style without a lot 
of math and or technical jiirgon. if you've 
bccii wanting a ham license, this is tlie 
tvook you^ve been waidng forf 

Only SI 9.95 at kxikstores and radio 
tx^uipment dealers. Or order direct from 
HighTextl Add 53 jihipping {S4 to Canacki, 
$5 elsewhere). CA please add sales tax* 
U.S* funds only pleuKen 
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UNIVERSAL REMOTE 



continued from page 56 



IC2, an 87C64 8K x 8 CMOS 
EPROM, which contains the 
machine language instructions 
for all functions provided by the 
remote-control system. The 
87C64 IS identical to the indus- 
try-standard 27C64. except 
that the 87C64 contains an in- 
ternal address latch and the 
27C64 part does not. For those 
interested in programming the 
EPROM, there is a modification 
you can make to the program* 
mer we ran in November 199 L 
Send a self-addressed stamped 
envelope to the author for de- 
tails (see the parts list}. In nor- 
mal use of the 1NS8048L, 
address lines ao-a? need a sepa- 
rate 74LS373 address latch be- 
cause the lower eight data and 
address lines are multiplexed 
between address and data by 
the INS8048L processor. Be- 
cause power consumption must 
be kept to a minimum, and 
space is at a premium, eliminat- 
ing a 74LS373 address latch by 
using the built-in function of 
the 87C64 works in our favor 

In botli circuits, capacitors 
CI and C2 are used by the built- 
in oscillator of fCL A 6-MHz 
crystal (XTALl) ensures high 
accuracy for timing routines, 
and it provides the basis for the 
40-kHz carrier on the transmit- 
ter module. All 0. 1 |jlF capacitors 
are standard TTL noise-bypass 
components, while 08, a 10 mi- 
crofarad elect rol>tic, minimizes 
voltage drop at the battery ter- 
minals. Capacitor 03 is used to 
reset the processor. 

In the transmitter, Rl limits 
current and. along with Ql. al- 
lows a high-current 40-kHz 
pulse to be applied to the IR 
LEDs. Resistors R3 and R4 pro- 
vide pull-up for address lines ai i 
and A12, On the transmitter, in- 
stall jumpers All and A12. 

The system is designed to op- 
erate from a +6-'Volt DC supply 
Diode Dl drops the + 6-volts DC 
down to around +5.3 volts. The 
system works fine without the 
diode, but its best to leave it in 
the circuit because voltages 
above -t- 5 volts can lower the life 
expectancy of semiconductors. 




RG. 10— THE PROTOTYPE TRANSMf^ 
TER is housed in a plastic case with a 
stngle-sfded, copper-clad FC^board 
blank machined as its top panel. 

Buildiiig the system 

As mentioned before, the 
transmitter and the receiver are 
both on the same PC board. You 
can use the supplied foil pat- 
terns to make your owm (you 11 
need at least two), or they are 
available from the source given 
in the Parts List, The transmit- 
ter and receiv^er boards are iden- 
tical except for a few compo- 
nents. Figure 9 shows the parts- 
placement diagram for both 
boards. Follow the parts list for 
the board you are building, and 
install only the parts in that list. 
Check off each part as you in- 
stall it to avoid confusing the 
two boards. Build the transmit- 
ter first, and put it aside when It 
is done. 

Install the capacitors, paying 
special attention to their polar- 
ities. Be sure to install junipers 
at the am ai2 locations for the 
transmitter only. It's advisable 
to use sockets in this project. 
Install the IR LEDs and RL 
Mount them in any position as 
long as they can able to radiate 
IR freely. Gate-pull-up resistor 
R2 is optional. 

Once you are satisfied that all 
your work is correct, attach the 
16-key keypad with a piece of 
ribbon cable. Cut a piece of cop- 
per-clad perforated con- 
struction board with holes 0-1- 
inch on cen ters to the same size 
as the keypad. Mount it over the 
keypad pins and solder the per- 
forated construction board to 
the keypad pins. This will make 
it easier to solder and mount 
the keypad. 

A functioning transmitter 




FtG. 11— THE RECEJVER BOARD can be 
mounted on the project you are adapting 
it to. You can attach the GPHJ52X IR 
module directly to the PC board as 
shown here, or run wires to it off-board. 



can be tested with the GP1U52X 
infrared detector module from 
the receiver You 11 also need a 
logic probe or scope. Attach a 
+ 5-volt DC supply to the 
GP1U52X (see Fig. 9 for pinout 
information). Apply power to 
your probe or scope, which 
should be connected to the out- 
put pin of the IR detector. Apply 
power to the transmitter and 
press any key. You should see a 
change in the scope pat term 
from the output pin of the IR 
module if the transmitter is op- 
eraling properly 

Install the transmitter in a 
suitable enclosure. A red arcylic 
lens will improve the ap- 
pearance of the remote control^ 
but it is not a requirement. The 
layout of the components on the 
circuit board is not critical The 
prototype is housed in a plastic 
case with a singic-sided copper* 
ciad PC-board blank machined 
as the top panel (the copper side 
is installed on the inside of the 
case). Rectangular openings 
were cut in the blank for mount- 
ing the power switch and key- 
pad. Brass strips, soldered from 
the copper on the top panel to 
the copper on the periboard in- 
stalled on the keypad, are used 
lo mount the keyboard to the 
top panel The prototype has a 



6-voU "J"- type battery because 
of its size and shape. However, 
any -i-6-volt DC power source 
will be satisfactory for this proj- 
ect. The prototype transmitter 
is shown in Fig. 10. 

Now assemble the receiver In- 
stall the parts indicated in the 
parts list (or the receiver and the 
partS'piacement diagram. At- 
tach the GP1U52X to the PC 
board or optionally run wires to 
it off-board. Be sure to ground 
the meial case of the module. 
Install jumper blocks at the ah 



and A12 locations as shown in 
Fig. 11. The figure shows the 
completed module. 

Test the receiver module in 
the switch mode (jumper ah 
and Ai2 on the receiver). With a 
logic probe to monitor no (pin 
27 of ICl on the receiver), you 
should be able to toggle mo by 
pressing add or dfa. followed by 
a ]. ADu 1 should take pio high 
while iiEL I returns Pio to low. If 
this function works, the rest of 
the applications will also oper- 
ate properly r-e 
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AUDIO UPDATE 



Audio evaluations — non-mystical approach 



LARRY KLEIN 




y wife knows far more 
about computers than I 
do. In fact, she was work- 
ing With them professionally in the 
days when punch cards were the 
only way to go. Furthermore, she 
won a science award in high school, 
regularly use-tested and wrote up 
VCR 3 for a honne-video magazine, 
and 14 years ago asked mc to marry 
her Obviously, an intelligent, clear- 
thinking young woman 

You can imagine my shock when 
she came home one day with over 
$100 worth of Estee Lauder cos- 
metics. She had bought into the 
female illusion that cheap chemicals 
in e?(pensive bottles will deliver or 
restore youth and beauty. 

What relevance has all this to the 
the subject of audio? 

Large numbers of intelligent au- 
diophiles continue to seek dreams 
in expensive containers unin- 
fluenced by cynics such as myself 
who tell them that they are deluding 
themselves and depleting their 
bank accounts for no objective rea- 
son. There is no scientific evidence 
that super-expensive equipment ob- 
jectively performs better — although 
they might hear it that way — than 
the run-of-the-mill products owned 
by ordinary mortals such as you and 
me. 

Objective/subjective truth 

^ The concept of " "objective" is a 
^ key confusion block in most au- 
5 diophile discussions. Music, an au- 
I diophile would argue, is a subjective 
^ experience, not an objective one. I 
g agree, but objective reality exists, 
1 and real-world events impinging on 
g our senses are the sources of all of 
I our subjective experiences. 
^ Note that I'm not claiming that an 
Oj audiophile's subjective experience 
of quality doesn't exist. Tm saying 
70 that the special qualities experi- 



enced are usually not being pro- 
duced by the objective electronic 
performance of tiie equipment un- 
der evaluation, but reside entirely in 
the perceptions of the listener I 
suspect that other qualities of an 
amplifier, e.g.. its cost, weight, and 
manufacturers reputation, might be 
largely responsible for the superior 
sound heard by the devout au- 
drophile. 

This leads me to question the eth- 
ics and good sense of the subjec- 
tive reviewers who recommend 
high-end equipment that costs 
thousands of dollars more than con- 
ventional products but which, in 
truth, sound no better Happily, 
there is a way to bypass the "Yes, I 
hear it, even if you don't" problem. It 
involves changing the question from 
"Can you hear the improvement?" 
to "Can you hear an error signal?** 

Nullification 

Many years ago. David Hafler. of 
Dynaco fame, invented a sort of 
poor men s four-channel system. It 
consisted essentially of an addi- 
tional speaker Cor a pair of series- 
connected additional speakers) 
connected directly across the two 
hot, or positive, terminals of the am- 
plifier in use. Connecting a speaker 
in such a fashion feeds it a signal 
containing only the differences (in- 
cluding those of amplitude and 
phase) between the two stereo 
channels. Since out-of-phase "hall 
ambience" sound is a good part of 
the difference between the chan- 
nels on many recordings, feeding it 
to separate speakers located to- 
ward the rear of the listening room 
provides a worthwhile listening en- 
hancement at very low cost. 

Keep in mind that the additional 
"ambience" speakers are silent 
when there is no difference be- 
tween the channels — such as would 



occur if a mono signal were fed si- 
multaneously to the two channels of 
a perfectly balanced stereo ampli- 
fier. 

At some point it occurred to 
Haf ler that the ability to nullify identi- 
cal signals by a "hot-to-hot" speak- 
er connection could be useful in 
amplifier testing. A circuit (see Fig. 
1) was devised that, in effect, elec- 
trically compares the stgnal going 
into the amp under test with the 
signal coming out of it. After adjust- 
ment for level differences (using R1) 
and phase shift, any residual sound 
that s heard in the null speaker rep- 
resents the difference between the 
amplifier's input and output signals* 
Because the signal Cif any) at the 
null speaker is always much lower in 
level than the normal program, the 
normal speaker has to be moved 
out of listening range to keep its 
output from overwhelming that of 
the null speaker 
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Fig. 1~Circuil lor extracting whatever 
audible differences exist between the in- 
put and output of an amplifier. 

A perfect amplif ier would produce 
zero signal at the null speaker. In 
practice, the signal produced is usu- 
ally low enough so that the error it 
represents is totally masked during 
conventional playback by any well- 
designed conventional amplifier. If 



one wanted to test the virtues of a 
particular special speaker cable, rt 
should be used to feed the normal 
speaker If the error signal heard 
from the null speaker is louder Cor 
measures higher) you know that the 
cable is guilty of introducing un* 
vvanled artifacts. 

Carver Comparisons 

A variant of the nulling technique 
is used by Bob Car^r of Carver 
Corporation lo compare the elec- 
trical audio performance — and 
hence the sound — of two ampli- 
fiens. Here, one channel of a refer- 
ence amplifier and a modified or 
test amp ane connected conven- 
tionally to a pair of speakers with a 
"null" speaker connected across 
them, (See Fig. 2 J Although not 
shown in the diagram, there needs 
to be, of course p a common ground 
between the two amplifiers and the 
exact same mono music signal 
must be fed to both amps. To the 
degree that the two channels have 
identical performance* little or no 
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Rg. 2— Connection for comparing one 
channel of a reference ampllffer to one 
channel of a modified or test amp. The 
normal speakers, whose purpose is to 
provide a typical load, are placed out of 
earshot. The null speaker plays only the 
difference between the two channels. 
Theoretically, two identioat channels will 
produce no sound from the null speaker 
A meter across the nu ll speaker revealed 
nulls as low as - 70 dB. 



sound will be heard from the null 
speaker 

In tests where a low-cost ampli- 
fier was designed to sound like an 
amptifier costing thousands of dol- 
lars more, nulls as low as - 70 dB 
were measured. Differences of 
- 40 dB will be inaudible due to 
masking effects. 

One would imagine that Hafler's 
and Canker's test would forever set 
to rest questions of whether ampli- 
fiers sound different, and to what 
degree. Hafler's test, in addition, 
would disclose whatever audible 
ffaws exist in an amplifier without 
the need for a reference or com- 
parison unit. Sad to say, the test 
techniques have been ignored by 
testers for audiophile magazines 
who continues to judge equipment 
by whether or not it makes them 
"feel right." But why should we ex- 
pect any other reaction to tests that 
would essentially eliminate most or 
all of the arbitrary judgments and 
mysticism usually associated with 
audiophile product evaluations? R*E 
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We haven't seen very much 
circuitry yet on our journey 
through videoland. Thats 
to be expected, though, because 
video is a subject whose theory you 
should understand before you start 
building hardware. As Ive already 
written countless tinnes before, a 
video signal (shown in Fig. 1) is very 
complex, with many separate com- 
ponents that are mathematically re- 
lated to one another. 

If you look at a video signal on an 
oscilloscope > it will appear more or 
less like the lower waveform in Frg, 
1. The most important component 
of the waveform is the horizontal 
sync pulse; if you do away with it. 
the TV won^t have any reference for 
the beginning ofa video line, and the 
resulting image v^ll be misaligned 
verticaNy. (See our September col* 
umn for more on the subject.) The 
color will also be messed up — with* 
out the horizontal sync pulse, the 
TV won't be able to find the color- 
burst signal. 

Altering horizontal synch 

Suppressing the horizontal sync 
is a simple* inexpensive, and rela- 
lively safe way to keep "un- 
authorized" viewers from receiving 
a coherent signal. So, to under- 
stand better how scrambling works, 
let's build a circuit that can alter the 
horizontal sync. 

Because we're dealing with com- 
posite video, and we intend to play 
games with horizontal sync, the first 
thing we have to do is isolate the 
sync from the rest of the signal. That 
isn't very difficult — every TV in the 
universe can do it. Most modem 
TV's either use a discreet sync sep- 
arator chip or have the needed cir- 
cuitry buried in the innards of some 
custom silicon. That makes things 
cheaper for TV manufacturers, but 
it's murder for people like us who 




FtG, 1— A VIDEO SIGNAL is normally 1-volt peak-to-peak, but after buffering, the 
relative voltage level of the signal is rafsed by 0.5 volts. Then, the only part of the 
pulled*up video signal that falls below the TTL threshotd of 0.8 volts is the horizontal 
sync signal. 




RG, 2— WHEN 81 PULLS PIN 3 of 1C2 high, the video signal loses Us sync. When SI 
pulls pin 3 low, sync is restored. 



have a hard time buying the chip in 
single quantities. 

Fortunately, theres always more 
than oneway to get the job done. In 
this case, it means looking at the 
voltage definitions inherent in the 
video signal, and seeing what we 
can do with them. Standard video 
has very stnct voltage divisions: ev- 
erything above 0.3 volts is picture 
information and everything below 
0.3 volts has to be a control signal. 
(We haven*t talked about vertical 
sync yet* but youMI find that the 



same voltage levels apply to it, too.) 

When you have a 5-volt supply 
and a signal voltage with a O.S-volt 
knee, you should immediately think 
about standard TTL logic. In that 
family everything below 0.8 volts is 
low, which is exactly what we're 
looking for That nnight not be imme- 
diatefy obvious, so let s go through 
it. 

A video signal is l-volt peak-to- 
peak but* by buffering it. the relative 
voltage level of the signal is raised 
by 0.5 volts. So, instead of ranging 



from 0 to t volt* Ihe signal ranges 
from aboul 0.5 to t.5 votls. The 
translated level of the conttDl/pic- 
turn voltage point is now about 1 volt 
(see the upper waveform in Fig. 1). 
You can see that the only part of the 
pulled-yp video signal that falls be- 
low the TTL threshold of 0.8 volts is 
the horizontal sync signal. 

The bottom line here is that we 
can build a sync separator from a 
standard TTL gate — in this case 
well use a 7486 exclusive-or Cxor) 
gate. All we have to do. as shown in 
Fig. 2, is feed the translated and 
buffered video from Ql to one input 
of the gate, and tie the other input of 
the gate high. (Ql is part of the 
buffer that v/e put together in Sep- 
tember to keep your video gener- 
ator or VCR from being damaged J 

Suppression circuit 

If you work out the truth table for 
yourself, you'll see that the only 
time the output of the gate is high is 
during horizontal sync. The output 
at pin 3 of the 7486 is a TTLIevel 
inverted version of the horizontal 
sync. That output is fed to another 
xOR gate, which inverts the signal 
and gives us a negative-going sync 
signal. Ability to provide both a 
positive and negative sync signal is 
the key attribute of the suppression 
circuit. We want to build a switch 
that passes video during the picture 
portion of the signal and be able to 
alter the signal during the horizontal 
sync period. That s what the rBst of 
the circuit does. 

The first part of the circuit Is a 
picture/sync separator, and the last 
part is a picture/sync combiner — 
sort of. Even though we can put the 
sync back in, also h^/e the op* 
tion of sticking rn just about anything 
else we want in place of horizontal 
sync. 

The combiner uses half of a 4066 
analog switch as a double*pole. 
double-throw switch. (The analog 
switch contacts close when the 
control voltage is high.) The outputs 
of the switch (pins 1 and A) are com- 
bined, but because the control lines 
of the switches (pins 13 and 5) are 
connected to mirror images of the 
horizontal sync signal, we can route 
the picture portion of the video sig- 
nal to the switch output when sync 
is low (pin 6 of the 7486) and route 



horizontal sync to the switch output 
when sync is high Cpin 3 of the 
7486). 

The single-pole, single^throw 
svi^rtch CSl) controls the input to pin 
3 of the 4066, While it's neat to see 
the effect Si has on the video signal 
when seen on an oscilloscope, this 
is one of those cases when you're 
better off seeing the effect on a TV. 

Whenever S1 pulls pin 3 of the 
4066 high (anything above the ex- 
pected sync level), the video signal 
loses its sync and the picture on the 
TV goes totally haywire. If you*ve 
seen scrambled pictures before. 
you*ll recognize it immediately The 
left side of the picture will be on the 
right half of the screen, the right 
side of the picture be on the left 
half Down the middle of the screen 
will be the horizontal inten/al. When 
Si pulls pin 3 low. sync is restored 
and so is the TV picture. 

Putting It together 

We are not ready to go into the 
details of the scramblrng business 
just yet, though. A successful 
scrambler not only has to take the 
video apart, but it also has to put it 
back together again. That is quite a 
bit more difficult. There has to be a 
way to encode the video signal so 
that the horizontal sync signal is re- 
stored at the right time, and for the 
right length of time. One outdated 
way that this can be accomplished 
is to bury the information in the 
31.5-kH2 audio subcarrier 

That's not so surprising when you 
realize that half that frequency is 
15.75 kHz — exactly the same as the 
scan rate of the video lines on a 
standard color TV. There s not much 
point in going through all the gory 
details of recovering suppressed- 
sync video since it's about as useful 
as presenting a full tutorial on repair- 
ing telegraph lines. 

Since suppressed^sync scram- 
bling was figured out by signal pi- 
rates about five minutes after it 
appeared, the people in the televi- 
sion signal scrambling business 
moved on to more complex meth- 
ods of screwing up the video signal 
The most common method now in 
use combines a variation on the 
suppressed-sync method, inverting 
the video, and performing a lot of 
weird other stuff. r-e 
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SUPER STROBE 



continued from page 37 



countering some trouble with 
false triggering by the sound of 
the shutter opening, we put the 
microphone on a tree limb to get 
il closer to the splash while 
being careful not to get it in the 
frame. \Vc covered it with a plas- 
tic bag to keep it dry. The sknsi 
TivrT>' ended up being set about 
mid-range. Figure 15 shows one 
of our efforts at catching a stone 
skipping across water 

Ea:ploding capacitors 

When the editor speculated 
on what an exploding capacitor 
might look like, we decided to 
find out.,, despite our better 
judgment. Do not try this at 
home! The fumes that are gen- 
erated are noxious and toxic, A 
fire extinguisher, proper safety 
clothing and eye-protecting 
goggles arc essential precau- 
tions. 

We learned that there's not 
much more to be seen of an ex- 
ploding capacitor w^ith the 
strobe than without it. How- 
ever, the picture that we chose 
to illustrate what happened 
(Fig, 16) is slightly more dra- 
matic because the smoke, 
which would not have shown up 
otherwise, was illuminated by 
the strobe. Tb try to get a more 
interesting shot, we even piled a 
group of electronic components 
on top of the cap thinking we 
could get a picture of them fly- 
ing into the air That might have 
worked eventually* but when 
our eyes started to water from 
the smoke we decided to take a 
break, and we just never got 
back to this experiment. 

Your tnxn 

These photos and the expla- 
nations of how they were set up 
and shot sliould getyou started. 
The only rule is that there are no 
rules; you really get to make 
them up as you go along. We 
have a standing bet about how 
much a golf l^all deforms when 
it's hit. If you find out before we 
do, let us know. Electronics 
Now will be happy publish the 
tiest Freeze Frame pictures we 
receive, mE 
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High-density is about to take 
on a whole new meaning for 
dynamic random-access 
menr^ories. Hint: In the past RAM 
density alweys increased sequentially 
by powers of two C 2, 4, 8. 16. . . 1 
Earlier this year IBM introduced 16- 
megabit DRAMs for its AS/400 
minicomputer. The next step for 
IBM should have been 32 megabits, 
but that's already old hat. As has 
been widely reported. IBM is now 
cooperating with Siemens to de- 
velop 64-megabit DRAM 

More recently. Big Blue an- 
nounced an even more ambitious 
intemalional developfrient effort: it 
will now pool its resources with 
those of both Siemens and Toshiba 
to produce 256-megabit DRAM s — 
bypassing 128 megabits — built with 



quarter-micron trace widths. It 
would take 400 of these lines to 
equal the width of a human hairf 

Think about it. When many users 
are still moving up to 4 -megabit 
DRAMs, nine of those babies to be 
developed would provide 256 mega 
6yfes of memory! That is from 16 to 
64 times better than the memory 
capacity that today's higher-end 
Windows-compatible workstations 
limp along on. Now consider a com- 
bination of a bank of 64-megabit 
DRAM s with an Intel P5 CPU and 
an XGA/DVl graphics subsystem, 
all on a single chunk of silicon. Soon 
the sehaL parallel and network port 
connectors of a computer will take 
up more space than the electronics! 

Imagine the possibilities. We'll 
buy "dumb" highly stylistic display 
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FIG. 1— DATABASE PUBLISHING is a snap with InfoPublisher Extract me data from 
one or several joined d8ASE, Paradox, Oracle, or SOL Server files, select desired 
rows and columns^ apply formatting, and then export the data to popular DOS and 
Windows word processors and desktop publishing programs- 



units with keyboard and stylus in* 
puts CDUKSrs)- Each DUKSI will 
have a socket that accepts a com- 
plete computer^on-a-chip. in a multt- 
tude of styles . They'll give 
customized performance for dif- 
ferent users, and permit easy up- 
grades. DUKSIs will be sold retail 
tike Ralph Lauren brand-name 
clothes in a variety of styles to engi- 
neers, technicians, executives, stu- 
dents, and even homemakers. 

Neither the DUKSI nor the com- 
puter module will cost much to 
make: they'll be produced by robots 
and, unless there are drastic 
changes in global business condi- 
tions, they won t be nnade in the 
good old U.S of A. Large profits will 
be generated from designing, sell- 
ing, and reselling highly stylized, 
fashion-conscious DUKSIs. People 
would buy new DUKSI s from time 
to time, not for technical upgrades, 
but for personal satisfaction — ^like 
buying new clothes. 

The DUKSI will be part of every 
schoolkids lunch box, every man- 
ager's briefcase* every doctors 
bag, and every technicfan's tool kit. 
Within ten years, they'll connect 
without wires to all major telecom* 
munications services and provide 
on-demand connectivity to an> 
node on the networks. Within twen- 
ty years, th^ could connect to al 
compatible electronic devices- 
telephone, fax, copier, television, oi 
stereo. 

If Microsoft has its way, Windows 
software will be an integrated part of 
this encn^aching World Net. Receni 
reports suggest that Microsoft is 
actively investigating ways to adapt 
Windows for other environments 
Those could include envisioned de 
vices called portable digital as 
sistants (PDA's) and next-genera 
tion video games (the 'Wintendo' 
discussed here last time). The> 



might also include office machines 
(faxes, photocopiers, and tele- 
phones), and personal tefecom- 
munications, which depend on 
computers to control access to 
news, sports, entertainment, and 
business information. 

A chip in the hand 

Tliere s good and bad news about 
Intel's forthcoming P5 micro- 
processor, sometimes (er- 
roneously) called the 586. The good 
news is that public hands-on dem- 
onstrations (including those for the 
press) prove \i to be screaming fast. 
It makes smooth-scrolling 3-D ani- 
mation possible, and it allows text 
scrolling under Windows almost as 
fast as character-based text on a 
286 under DOS. 

The bad news is that introduction 
of the chip has been delayed until 
early 1993. Intel apparently wants to 
make sure that there are no bugs in 
the P5 and that the company can 
meet high-volume production de- 
mand. That bad news is tempered 
by the possibility that its later intro- 
duction is likely to spur further price 
cutting in the active 486 micro- 
processor market. 

As for its departure from its usual 
practice in naming microproces- 
sors. Intel appears to be intent on 
distancing itself from the chip-clone 
companies (AMD. Chips & Tech- 
nologies. Cyrix, NexGen. et alX It is 
holding an internal contest to de- 
velop a new name that does not 
contain the "86" moniker. It ap- 
pears that marketing has become 
more important in selling micnDpro- 
cessors than we would have 
thought possible. 

Intel has signed a deal with VLSI 
Technology under which VLSI gains 
rights to x86 technology. VLSI is 
expected to put that technology to 
work in building new devices that 
will be customized for handheld and 
other portable computers. 

However one recent study shows 
that the market for handheld and 
pen/tablet based PC's will not take 
off as rapidly as was initially ex- 
pected. According to that study, 
laptops will gradually drop out of 
sight between now and 1996, Note- 
books will pick up most of the slack 
and provide the largest share of new 
growth- Combination stylus/key- 



board units are also expected to 
show significant growth. Pure pen- 
based systems will just be getting 
off the ground by then. 

Product watch 

InfoPublisher, an innovative niche 
product, functions as an interface 
between a database and a publish- 
ing system. It allows you to extract 
the information you need and pub- 
lish it in a form that makes sense. 
On the database end. InfoPublisher 
can read dBASE. Paradox, and AS- 
CII text files. It can also connect to 
SOL-based client-server databases 
including Oracle and SQL Server 
On the publishing end, Info- 
Publisher can connect to Word, 
WordPerfect, and Ami Pro for Win- 
dows, several versions of Rage- 
Waken and DOS versions of Word 
and WordPerfect. InfoPublisher 
runs under Windows, so its opera- 
lion is most efficient operating in 
that environment- 
Why would you use Info- 
Publisher? A database manager al- 
lows you to sort and select data, 
and print reports based on them. 
Report formatting, however, typ- 
ically leaves much to be desired. Of 
course, you could export a sorted 
and selected subset of your data as 
ASCII import it into your word pro- 
cessor or desktop publisher, and 
format It there. But doing that typ- 
ically involves a tot of grunt work. 
Imagine formatting each field of a 
lOOO-record database manually. 
Then imagine having to repeat the 
whole process after updating your 
database! 

Bridging the gap is where Info- 
Publisher comes in. It offers a 
friendly, spreadsheet-like user inter- 
face that allows you to query your 
database, apply formatting, and 
then export the nesufts for fine-tun- 
ing and printing with your favorite 
printer. The best part is that you can 
save a query/formatting combina- 

Pfoducts Discussed 

• InfoPublisher (S795>> 
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Western Avenue. Suite 301, 
Seattle, WA 98121 (800) 
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• NTSC (S25), ItWorks, P.O. Box 7403, 
Chico, CA 95927. (916) 893^1714. 
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tion and reuse it again after updating 

a database. 

The program permils the creation 
of sophisticated database queries. 
Queries can be specified in a query- 
by-example (QBE) mode or by typ- 
ing in SQL comnnands directly You 
can begin in the QBE mode and 
then edit the SQL statement di- 
rectly. Unfortunately, the process 
can't be resj^rsed (you can't return 
to QBE from SQL). With simple 
commands you can select any or all 
columns (fields) of a database, sort 
fows (records) in ascending or de- 
scending order on as many as ten 
columns, and as an option, use 
easy-to-customize sort sequences. 

You can also replace data (e.g.. 
spell out abbrevrations). create que- 
ry expressions with anthmetic oper- 
ators and create operators for a 
flock of functions: greater than, less 
than, equal, not equal, is null, is not 
nuHp *s (ike, is not like, and more. In 
addition you can combine several 
expressions with Boolean oper- 
ators (and. or), create cdtcuiated 
fields in the output tabfe (e.g., price 
X 1 .04 for inflation), and perform 
related relational joins between sev- 
eral tables. 

After performing a query. Info- 
Publisher presents a work table in 
which you can rearrange columns, 
apply formatting (e.g, font. size, 
bold, and italics) on a now, column, 
or cell basis, sort the tabfe. specify 
date and numeric formats. speciiV 
capitalization rules, and rearrange 
data. As an example you might want 
to change "The Hitchhiker's Guide 
to the Galaxy'to "Hitchhikers 
Guide to the Galaxy."). 

InfoPublisher simulates format- 
ting by showing the proper font 
along with bold and italic attributes, 
but not point size. Each field can be 
preceded or followed by a tab, a 
"soft" return, a hard return, one or 
more spaces, and an arbitrary text 
string. 

When everything looks right, you 
export the data. You can set up DDE 
links between InfoPublisher and. for 
example. Word for Windows, But 
performance (even on a 25-MHz 
486DX) is pretty slow for a 
database of any size. You can also 
cut and paste data through the Win- 
dows clipboard, or export data to a 
separate file. 



Let's assume you want to publish 
a customer database with name, 
address, and phone number To 
separate entries in the printout you 
want the name to appear in boldface 
type, followed by the right-justified 
phone number, with the full address 
appearing on succeeding lines. In 
InfoPublisher s Work Table, click the 
column heading above the custom- 
er s name and press the "B" tool on 
the toolbar Then click the line be^ 
neath the column heading and spec- 
ify that that field will be followed by a 
tab. 

Then click the corresponding 
point above the phone number field, 
and specify that it will be followed by 
a paragraph mark. When you bring 
the data into your word processor, 
set a right justified tab stop, and 
voita. (Using styles makes the pro- 
cess even more efficient-) 

I found one bug in the program: 
The fixed-length ASCII import filter 
caused a general program failure 
(GPn. and terminated the program. 
The vendor's technical personnel 
promised that the bug would be 
fixed tn the next release, which is 
due to be released around the time 
you read this. 

All in all. InfoPublisher is a plea- 
sure to run. The QBE facility works 
like a charm, and its ability to save 
query/format specifications save a 
tremendous amount of time over 
traditional methods. The documen- 
tation is well written and well pro- 
duced, but a quick reference guide 
to the multitude of query and format 
options is desperately needed. U 
has some bugs, and the user inter- 
face needs tuning, but even in ver- 
sion 1.2. InfoPublisher is a winner in 
our book. 

SCSI Kint 

Having trouble interfacing two 
SCSI drives to the same system? I 
was when I was adding a second 
dove to my main system. The two 
drives were made by different man- 
ufacturers, and by themselves, both 
drives worked fine. But as soon as I 
connected them, things went crazy. 
The chief symptom was a disturbing 
clicking sound when I booted the 
system. Technical information pro- 
vided by four vendors (drive A, drive 
B. the SCSI host adapter and the 
distributor of the second drive) 



could suggest little more than mak- 
ing sure that the last drive on the 
bus had proper terminating re- 
sistors. Also they said no two drives 
should have the same SCSI ID. Big 
help. 

It turned out that the problem was 
caused by EMI — with emphasis on 
the M. The older dnve. a large 5.25- 
inch model, was apparently generat- 
ing a large magnetic field that inter- 
fered with the newer one. a 
compact 3.25-inch job. After sepa- 
rating the drives by the distance of 
several drive-bay positions, the 
problem went away Both drives 
now function as advertised. 

Shareware corner 

Quick — what's the difference be- 
tween RS-170 and RS-170A7 
Whats the delay in nanoseconds 
perfoot of 75-ohm RG-59/U coaxial 
cable? What color do you get wher 
green and blue phosphors on a CRT 
are both active? How many lines ars 
in n and what is the aspect ratio of 
the proposed American HDTV sys 
tern? 

The answers, along with a venta 
bie cornucopia of video and telavi 
sion-related data, are available in £ 
DOS program called NTSC. The 
program was written by Anthony 
Watts* a TV meteorologist and sys 
terns engineer who also design; 
graphics systems for televisioi 
weathercasts. 

NTSC has six sections: NTSC 
signal parameters (e.g.. sync level, 
back porch time, and horizontal 
sync time), a glossary of terms, a 
calculator for calculating delays ano 
cable lengths, specs for numerous 
video formats (RGB. SVHS. 
RS-170. PAL. SECAM. and more), 
test pattems, and a fist of TV-chan* 
nel frequencies^ Mr, Watts has 
packed more information into this 
little 325 program than you could 
get from half a dozen reference 
books, ril post a copy on the RE- 
BBS (516-293-2283). If you prefer 
you can contact the address in ihB 
sidebar. 

Answers (don't cheat): 1) RS-170 
is the EIA standard that describes 
NTSC composite black and white 
video, and RS-170A is for color; 2) 1 
foot " 1.540 nanoseconds; 32 
Green -l- Blue = Cyan; 4) 1125. 
16:9 R-E 



BUYER'S MART 



PLANS AND KITS 



FASCINATING electronic devices' Dazefs! 
Lasofsl Transmhlers! Deteclors! Free enefgy! 
Tosia! Kits assembled [ Catabg $4.00 ( refund a- 
bio]. QUANTUM RESEARCH, 17019-77 Ave,, 
Edmonion, AB I5T 2S^ 



DESCRAMBLING, new sectct manual Build 
your oATi doscr amblers for cable and swbscrip- 
tlon TV, Instructions, schemaucs lor SSAVI. gated 
sync, Sinowave, (HBO, Cinemait, Showlime, 
UHF. Adult) Sia.95, S2,00 poslaqe. 
CASLETRONtCS. Box 3O502R. Bethesda, MD 
20834. 



CLASSIRED AD ORDER FORM 
Tq run your own cl«Hini«d wA. {Kit on* word on ««ch of the Unci below ind sond IhJi form ifong wtin your clUtfK to: 

Electronics How Classified Ads, 500-6 Bi-County BotJlevard, Farmingdale. ISFY 11735 

PLEASE INDICATE in whtdn category of dassjfied advertising you wish your ad lo appear. For 
special headirtgs, there is a sufc^varge of $25.00. 

il Plans Kits ( ) Business Opportunities ( ) Fof Sale 
j Education^ Instruction ( ) Wlar^ted ( ) Satellite Television 

Speaal Category: S25.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS, 

(No refur>ds or cr&dits for typeseilir^g errors can be rriade unless you cleaf ty print or type your 
copy.) Rales indicated are for si and a rd style classified ads only See below tor additional 
charges for special ads. Minimum; 15 worda. 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 ($46,50) 


16 (&49,60) 


17 ($5270) 


l8(SS5.eO) 


19 ($58.90) 


20 (562 00) 


21 (565.10) 


22 (S68 20) 


23 ($71 .30) 


24 (574.40) 


25 (S77.50) 


2B (S80,SO) 


27 ($83.70) 


28 ($86.80) 


29 (589.90) 


30 ($93,00) 


31 ($96.10) 


32 ($99.20) 


33 ($102,30) 


34 ($105.40) 


35 ($108.50) 



Wo accept MasterCard arwJ Visa for pnymont ot orders. II you wish to uso your credit card to pay for your ad flU 
irt Dig ro^tawtng addjtimaJ informalion tSorry, no tel^^horvo orders can be accepted )^ 



Card Number 



Expiration Dala 



Please Print Narrw 



Stgnalure 



IF YOU USE A BOX NUH9ER YOU MUST INCLUDE YOUR PERMAKENT ADDRESS AND PHONE 
NUMSER FOR OUR RLES. ADS SUSUITTED WTTHOUT TMIS JNF0RMAT10N WILL NOT BE ACCEPTED, 
CLASSIFIED COMMERCIAL RATE: (tor hrms or irxl^vidu^'s otfiiurn coTimerdat prod nets or $<^rvic^^ 
$J 10 per wore} pn^p^id {no churt^t; lor zip code).. MINI MUM WORDS. S'^o discount lor same ad B 
lO^a discount tor same ad in \7 i&sues withtn one year: if prnpaid NON-COMMERCIAL RATE: (hi 
individuals who want to buy or sell a porsonal item) S2 50 per word, prep J id... no mmirTiuTri. ONLY FIRST 
WORD AND NAME s^t in bold caps at no extra chaiao. Addilional t>o1(J fa^o (not avTi^iabEc aft caps) 55c 
per wordaddltEor^iiL Entire ad inboldfaco, S3 JOperwcrd TINTSCREENBEHIND ENTIRE AD: 53.65 per 
word. TIMT SCREEN BEH3ND ENTIRE AD PLUS ALU BOLD FACE AD: S4 EO pof word EXPANDED 
TYPE AD: SAJO per word prepaid, Ermro ad m bo^^J^ac^?, S5 60 per worU TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: S5 9a per word TINT SCREEN BEHIND ENTJRE EXPANDED TYPE AD PLUS 
ALL BOLD FACE AD: S6 80 per word DISPLAY ADS: r - 2V* — S410 00: T - 2'/^"— S&20.00; 3^ - 
2'.*". S1230 00 General fnformallpn: rrequency rii1t;s and oropaymcnt discounly aru available ALL 
COPY SUBJECT TO PUBLISHERS APPROVAL, ADVERTISEMENTS USING P,0. flOX ADDRESS WILL 
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WTTH PERMANENT ADDRESS 
AND PHONE NUMBEI^. Copy to be ^n ouf fwxJs on the 5in or ihQ tfi rd month precedtng Kie date ot the 
i&suo it e.. AujL teUB copy must be received by lUl«y StTil When rxxmai dbsing dale law on SaAmfay. 
SurxUy- or NoioByi baiie doses on pre<»dsNi§ wor^tfig Send tof r^e dassjfied Brochure Drcie Htimber 
49 on the Free tntormation Card 



HOBBY Qrcadcasiang HAM CB surveillance 
irarismitiers, arripijfmrs, cable TV science, bugs, 
other great projects! Catalog StOO, PAN AXIS, 
Box 130-F11. Paradise. C A 95967. 

DESCR AMBLER kits. Complele cable kilS44 ,95, 
Compteto satelJile kil $49,95, Add $5.00 shipping. 
Free brochure, ^fo New YorH safes SUMMIT RE. 
Bo)c 489. Bronx. NY 10455. 

SUIWEILLANCE transmlttet kits tune from 65 
to 305 l/Hi Mams powered duplex, loJephone. 
room, combination telephone room Catalog with 
Popular Communtcallons, Popular Etec* 
Ironies and Radio Electro recs book i^vtews of 
"Eiftcironjc Eavesdropping Equipment De- 
Sjini," S2.00. SHEFFIELD ELECTRONICS, PQ 
Box 377785^. Chicago, IL 60637'77B5 

FREE! Exctiing catalog o1 serisat>onal kns. LNS 
TECHNOLOGIES. 20993 Fooihill Blvd . Suite 
307R, Hayward, CA 9^541 -iSii 




REMOTE CONTROL KEYCHAIN 

ConipT^tft ^!v.*rrijrit^1rina4TitlWir 
und *5 vdc Hf r&peiver 
FulFy »sftcmb(pd in^lucjing pjirai 
fa build ycur o^ti eulo afarrTt 
<t<>>t nc Ch^ck,VI«B Of MIC 
^ ^^.VO Add I 7 shipping 
5 @ $19,95, 10 @$\AM 
Vifiltoct Inc. Bo)t 141 56, Fremeni, ca. 94S3li 
(510) 6Slr-1425^ : t^^^> 651^454 



STEREO amplifier 300W RMS channel. Com- 
alelOpl«lsS9.95 STEVE FREEL, 19S Qms Dnve, 
Mfli?QijrTie.FL3295! {407> 67S-5933 

BOOST stereo transmitter kil outpul power? Supe* 
Simple ptans. S4 00 X-TEK. Box 521164. SLC, 
Ulafi 84152-1164 

60 5OL0ERLESS Breadboard Projecls in two 

oasy io-fead pockei books. Complete with drouii 
descriptions, schematics, parts Eay^uis. cofnpo- 
neni hstinqs, etc. Both books iBPWl & BP113) 
only Si 1 .90 plus S3.50 tor shipping USA and Can- 
ada only US funds, ETT, INC,, PO Box 240. Mas- 
sapoqua Park, NY 11762-0240, 

CELLULAR backers bible Theory — hacks — 
modrticalhons — S53 95 TELECODE. PO Box 
6426-RE. Yuma. A2 65366-6426 

VJOEOCIPHER II satellite' scanner cadie ama- 
leur/cellulari repair manuals, modification books, 
software Catalog — S3 00 TELECODE. PO Box 
6426 RE. Yuma. A2 65366-6426 

BUILD 0-50 volt regiiatect dua^ trac>(ing pow^r 
supply. Complete schematics and mst ructions. 
$5,95. SMS ENGINEERING, RE 5932 W^st Baft 
Road, Suite Otoe. Glendale. AZ 85308 

PROTOTYPING PC boards? Fast ar^f easy from 
artwork to eiched board in 30 nvnutes or less. 
Complete step by step plans arvj samples! S6.5D 
check or money order lo E.G,G., PO Box 11390. 
Bradonion, FL 342B2. 




GBE^T ProjecL Silent S^m 
rciniJids yciu ym tor- 
gel SSISR(IurnSfgnalRe- 
TTindef) bccp^ 3 seconds 
aftGf 15 seconds Cyde re- 
pejti uniji cancel^ Uf¥>MnisJw d^i^jM wf«n tmkjinq 
Com^ kct rnounts atoci lUstvf Put^. cist. PC6^ sche- 
matic Bistruzfcm m PPQ: lt2k V^V€ ftte 

jljrat Sim, 1627 lnJt Ot, CdBmtoH, OH 12727 
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1«800«8314242 Your Resource foi 



TestI Measurement and Prototype Equipment 



Jameco Solderfess BraadbMrds 
















-.1 iicxi^ ljJ|tt tniadeli fcaiiifi; 




















PiftNn, 






Cpi»a« Ppintt 








JE21 


.12^ < 2,125 


400 


0 




NR20722 


JE23 




850 


0 




NIU0757 


1E24 




1.360 


2 




NIU077J 






1.600 


3 


17*95 


NK2079O 


fE26 




2J90 


4 




NIU08U 


mi 


7.35» 1 7,50 


3.220 


4 


32.95 



GoldStar 20Mtlz Hval Trace Oscllloscdpe 



Tic ptijuci unn fof mdijr i lODnf^ vid mofureizisK 

Fattm 'ndsde 1 6* CRT dtifbjr^^uilundwii^k 
^ DC IQ 20 MKl Tlv GdUSur dHd9«cope ccoia 
wnji nnQ ''HAfltfi ptottck fvo Iqkl pswcr imil, flpcfztn^ 




JVIetav Digital Multimeters 

* Kanii!idd. higjr Acouar? * Mtiiurci At7DC vdtagc. At VlXt cuffmi. 
refill jiti:^. ijtodci, canKinuiiy, inii irjuilnor cunmt gitn {mfxpi M39O0) 

* MjjiujI ringing w/oveHoaid pfoici.ti»n 

* Comd wiilh pr(»bc», lultnici, cive Jii J rtuniut 
NR27a86&NR27ISS(nilji 

* Aba maHim ficqucncv and upumiKr 



KR271U M3fl00 

NR2707e M36t0 

NR27t40 M3900 

!^il27(l8« M3650 



KR27IS8 \M<i50 



3.5 digit muldmeici 439.9^ 
3.5 digit mu]tiiDCKr«H.59.9S 
3 5 muldmcTCT 

3.5 dif^ mukimctct 
w/ffn|iiieocf 

4.5digiiw^ 

& «Uu Md miccK 99'-9S 




IC Test Clip Series 




■ Test dipi JTC drii(;nni W* Trmfwwcy qotmcctwfn w Dlf 
conrponcrtfi 

• HraT^'-dniy ijif ifiR kwdd hinge pt^iiida podiit^ crmiJct 

(fbT K. 14 & Ifi'pia IQ) ,H»S5 
iO-pin 

24-p»i .7 

ig.pifi , * 

40'pin ^ » «.l 1 



NR22I03 ]TC16 
JTOO 



EPROJVU • for your progrotnmiiig 

P*Jt No. Pt twlttrt Nft. Pricr 



needs 



NR1S551 GS702a 



$399.95 



Additienol GoldStor 
Oscilloscopes 



f'foduc* 



_-DagipliDn _Pjiire 



NH660S1 40MhE I 

Kllfi£077 GSftlOO lOOMhi 3 

«IJ79^5 



Cdi/ for addithmd Goldstar 
mr equipmeni 



J AMECO 

COJiilFliTEB PRODyCTS 

24 Hoar l oll-l-rco Ordtr I iutline 

1«800*831*4242 



■ 



Ptcasc refer la 
Mxtt K€>'NR2 

onterii^ 



Noffofiol ofid Intel 
Dotabooks 




MI335&6 



T^IS;%4__S.95 
TXt$27iG_^5.95 
I70M ^.95 

^3.95 
«4.25 



27C;i6.«...«...4.25 

27J2 „ 4.95 

27jZA 20.,....4.49 

^7^2A^^ — L95 

2^C32 ^4.95 

276420 4.95 

2 TM -2^^3,75 
2^64 A 20 1,75 



NR39829 
Nft39«45 

N109S53 
NR3W2 
NR39925 
NM9933 

NfU996B 
NR399&4 
NR39677 
N 1139685 
NR40070 
NR40037 
NR40(H5 
KR40061 



2-64A.2S__S3.49 
I7Cfr*l5-_^9S 
I7£>i.25^«^49 

ITCYri^-t 2.95 

2712aUTP..^2.49 

2^t2SJo 7.9S 

2^128 2*1 «..-7.75 

27I2KA 20,.H.4.75 
27I2KA'2S_3.75 
2^C12« n,...5.75 
2^C12S-2S_7.95 
272W^TP__4.I9 
272 IS — 5,49 
27256-20 — 5J9 
27256-25^ — Am 



NR&59C14 
NiU97l4 
Mli9722 
NIU973I 
NR401M 
NR4015O 
NR4016B 
NR39773 
NlU97«i 
Niy*;790 
NBJ9K02 
Niy9<i51 
XR65699 
NR656at 



2~CZ56.12^ 
270^15*^: 
27056-20^ 
270%'25.»-' 
275l20rrw 
27512.20*.^ 
2ni2.2lW 
27CM2 12.... 
27CM.MS.... 
27t:^]2'20..., 
2"C:S]2 2S„., 

27C020*J5^l 
270020^20-1 
£S7^35^ 



NR41234 400026 KMAodGoKal 



^41259 400059 
NIl4l20t 400015 

NR4I304 AMm 

N'R391»0 23084J 
Nm9I7l> 27fl&45 



Dr«k« DiEibeQk $ t9.94 
SjdKHiil Lope 

U nas {ynrwa 
DitibooJt ^11*9$ 

Drvtcci Dacabook >.1U95 
Niitkmal LS/S/TTl 

Dat*bot»!< 14 JS 

Irtirl Memary 

Diuboot 

Intd Embedded 
C!ont roller FrDCnvori 



AJ^Uomal ditihwh iPidaklff 



«14.95 



A*R.T. iPROM 
Prog ram me r 




■ rro|;rami t\\ currirnE EPRUMa h ikc 27 Id to 

27512 Hn$!c plm tbf X2Wi4 FimOM 
- RS232pon 

Ptn Kp. PraJuct So. Ogcri|ttMia Price 



1*riif;rjinEticr $ 179-95 



UVP EPROM Erwe 




' t)E4 ema 8 chipt mT>' 21 minutes 
• D£ I Cf^u<!i \ chip ncx^f 7 minmu 

NR664I42 DEI PonabJcowct 4* 



anCLE 1 14 ON FnE£ INFORMATION CARD 



lvalue. Only a Phone Call Away. 



Computer Upgrade Products and Electronic Components 



Upgrade your existing computer systent! Jameco will help you upgrade easily and economically. 
101 -Key Enhonced Keyboard Jameco 80386SX Metherboctrd 



mm 




This kcybcurd fcsniFOL 1,2 ^itidktii kcfk 
iurmt jEid numctk km. 
■ IBM PC/XryAT jrwJ cwtipniiUc ann|n]im 

• AuEurtijuiciUy iwicihei Knwrtn XT or AT 

* IBD InSmofi (or Nirni. Opand Scmll lock kc^ 




in Kin I 

Toshlbci 1*44MB 3.5" Internal 
Floppy Disk Drive 

f POXTMT aftd cttmpjiibici 
npatfljk wtdi DOS mwmi } 3 of bidder 
udes ill n<so«ty iAiulbncm hanfwirr 

Ktl fi^Eritattdi low iknttc^ miide 
TH 1 4'W 1 S.9'D (joml driw ih£j 

Fra^Ngh Qmnvika , £rifif 

f774 mKV 



49.95 ^ER5JM2 |E3^'!6SS 

Jomeca IBM Compcrfible Power Supplies 



• Zcm « OK tatt opcnnofi 

• Su|ifiCfm Lip ta l&MB nf RAM 

• h\d |i&,IS7SX/«impitibit n«ih coprocawr todtt 
•AMI BIOS 

■ Hii l 6-bii Jitd two apjmion btu tloo 




• Output; *5V^ ISA. 5V^O-5A. 

■ Swhfluhlc bcrwKm 11 0/220 V 

• Htiilt infan 

• CSA ippimied 



_™™J99.95 

Af^^ mofT upgrade pr&dum available! 



•Oiaput:+5V^20A»-5V^ 
0,5A,* 12V 8A, 2V m^K 

* 200 wiEQ dulfntl pamtT 

< Swirchiblc hetwKfi 1 10/22OV 

• BuHinn fan 

' CSA approved 
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JEI0J6 



200 watt AT E 



AdMtwnd 



lesrafed Circuits* 



#79 
315 
HQ 

m 

46 
89 
'2S 
108 
■JS 
i20 

m 

^1 
j90 
'22 
<t2 
19 





.1-5 


7400 


.^•1,29 






7404... 


.29 


740(1 


.35 


TASiJ 


JS 




35 


Til ft 


— J9 


•Ml 7 


35 


7420. ....... 







35 


7447^ 




7474 


«..3^ 


747CJ.... 


45 


74HfT,. «^ 


.45 


74 a*}. 


»«2,95 


7490 ™. 


.59 


7-ll2l.«- * 


,49 


74i92 


,79 




.79 



S.J9 
.19 
.19 
.25 
*25 
^5 
a9 
.25 
,19 
^5 
.79 
J9 
.35 
35 

2.75 
.49 
39 
-69 
-69 



IC SockeH 

No. Description 



NR51570 
NiL37l6l 
Na37372 
NR39J3S 
NR40J4II 
NR41110 



Sir 

14 LP 
24LF 
40LP 



8' pin li>w profile 10 

1 4 -pii^ low proftlc A t 

I b-pin. liiw prtiillc «12 

24^ pin \aw pixitilc «]9 

iS-pin lew pruAlc .22 

4(}-pu) law pmfilc .201 



Connectors 



ISRI5n4 DB25P Mal^, 25 pin ««,4j65 

NRI5I57 DB25S Fcmair, 25 pm.-. .75 

NRI5085 DB25M Hood.. „*, 39 

NRI5106 D&25MH Meul HDod.,....43S 

Mis€elloneous 
Components* 

Tkwtsistors And Diodes 



I!uL^Di PlS!StjJl£LKlIi_ 



Memory 



NR4lj9a 
NR42Z51 
NR4I52J 
NR4I718 
NR41749 



^IIDOOp-flO 
4l25fiA?li40 
■lllOOOA'JA^O 
42I€C0A9&'80 

UDs 



256K Dir 
1MB PIP 
2^K SIMM 
IMBSIPP 
IMS SIMM 



12Dm 
SOns .. 



-..5.99 

i95 
-5i95 



Pan No. IWnct No. Dcttriptioft C|j££ 

M04761 XC556G Ti 3/4. (g^een) S.I6 
NRJ4796 XC556R Tl 3'4 Jredl .11 
NR54a25 XC:556Y Tl V^, udlti^ j .16 



Linear ICs" 

Eiarfy tl Nfti 



41 

79 
«3 
71 
SI 
22 
2S 
67 
39 
31 
57 

ai 

78 
30 
»5 
&2 



TX0«2CP., 
Ii43m». 
LM324N « 

LM339N ^ 
NE555V, 
U^t556N_ 

lAf74lOf« 
IAU458N_ 

LMt4g9K. 



— *.59 

59 

35 

— 1.09 
.45 
--29 
.49 
.49 
,.29 
-39 
..45 
..45 



Pun 



pTMttta 
J5a 



ULi^2003A«,««.....«,....,.^ .69 

IAU*>14N 2.49 

NB5532 ..1.19 

7S051 . -45 

7S12T 45 



SU2B628 
SR28644 
KR35991 
NK3S236 
NR.»6i26 
NR3a359 
NR36290 
SRi*42i 
NRi603a 



PN 2222 

PN2V07 

IN40O4 

2N2222A 

IN4735 

2M39CM 

1N751 

2N440] 

lN4t4S 

2.^rJ055 



DfKTtptwti Prm 



TO '92 cue -..««S.1 2 

T0.92cwc« 12 

00-41 10 

TO-lfi™. ,25 

D0-4tcaiie 25 

TO'92 awe .12 
□0 35 .15 

T092ci»c 

D035 CAM , j07 

70-5 131C j69 



Switches 



PfodiKi 



Nfa]936 JMri23 SPOT. 

cMi'<in ftog^t } *^ 1.15 
NR3B842 IdG-fi SPSTT, 1« pin 

(DIP) ^.AM 



Nil2«62Z 



^tS ] 01 S PST. moiTic^ni jiy 

f puih-button) .-.-^ 39 



Call or wrire for your 
1993 Annual Catalog: 
b800*637*8471 



24-Hour ToU- Free Order Hotline 

1*800*831* 




J AMECO 

COliPUTER PRODUCTS 

1355 Shoiway Road 
Belmont, CA 94002 



Monion 

NRz ; 



$30.00 Mininmin Ordcr 

FAX: l-800'237-694Sj[x«nm«:) 
FAX: 41 5492*2503 Hmmm^ 
Jjjncco ScrviccUnc™ : 
1 *&D(>S3bS020 [Gnp«i9 
Tcduikd Suppon: 1-S0OS31-00S4 
BBS Support; 415*637-9025 



For Inicmaiionil Sdcs, Customer Scnicc, Crcdii Dqwunent and aU other 
inquiries: Call 41 5*592*8097 bcnvceo 7AM-5PM P.S.T. 



CA Rfxidri^ti p^cusr jdnJ j^plifable uIa u\, 
Shipping, hjuhiting 
and UiB^once ifc 
adJititmil- 



rcfmt; Piiccii iub|nt to chjngr without rtotkv. 
Complete li» of tenat/wafnnoei. U miUbIc 



aRCLE 1 14 ON mEE EMFORMATIOH CARO 



Cable TV 
DESCRAMBLERS 





>■ At Moft Complett line of Desiramblers 
> Friendly, professional service 

>FREE Catalog 



□ 



l_-80Q-228-7404 



^ ^ Go to the Source 

^ NU-JEK ELECTRONICS 

3250 Hatcfi RO 
Cmdat Pwgk T1XA5 78&I3 




i 

I 

s 



8 

e 
IS 

[0 
94 



FOR SALE 



TUBES: "oldeai," "lalcst/" Paris and scho- 
matics SA3E (or lists STEINMETZ, 7519 
Maple wood Ave., Hammond, IN 46324. 

RESTRICTED locfinical information: Elecfronic 
survefllanco, schomattcs. focksmiihrng, covert 
sciences, hacking^ eic Huge selcclion. Free 
brochures, MENTQR-Z, Drawer 1549, As bury 
Park. IsU 077ia. 

TUBES, Tmn.up 10 90^* qM. SASE. K1R0Y. 298 
West Carmel Dnve. Carmen. \H 46032. 

T^V. notdi f jHers, ehOfM) recofCti^g equcpment, bm- 
^tum $1.00 MICRO THinc, Box 63 6025. Mar^ 
gate.R-33063 i 305) 752-9202. 

SPEJ^KER repair A3i makes — rtKideEs. SrarDO S 
ATLANTA AUDiO LABS, 1 (6Q0J 568'697T 

ENGINEERING software and hardware, PC 
MSDOS. Circuit design and drawing. PCB 
layout, FFT analysis, mathematics, circuit 
analysis, etc. DataacQuisition. generation, 
I/O PCB's< etc. Call or write for free catalog. 
(614) 491-0832. BSOFT SOFTWARE. 
INC, 444 Colton Rd.. Columbus, OH 
43207. 

CABLE TV Eqalpmeitt Mosi lype available. 
Special: Oak M35B 539.95. No catalog. COD or- 
d^ only. 1 (600) i22>995S. 

iOC52-Ba5ic mkcroconrrolier board. Basic inter* 
preler,33K RAM. 16K Eprom, Eprom pfogranvner. 
RS^2, expartsion connector Bare board iwim 
manual, scheitiaijcs $22. 9&. SCC52'Bastc micio- 
pracessor chip $25.95 Assembled ar^ tested 
S124^ PROIjOQIC designs. PO Box 19026. 
Ealtimofg. MP 2T2Q4. 

J ERR OLD, Tocom «nd Zemh ^^tesV" chips. 
Fylty activates unit. £50.00. Cftble de- 
scramblers from S40.00. Orders 1 (800) 
452^7090. Infornnallon (310) &67j)0S1. 

TOCOM-Jerrold Impulse-Scientific Atlanta 
Converters, two year warranties. aJ&o lest mod- 
ules for your convortors. Conlad NATIONAL CA* 
BLE, (219) 935-4128 luil doiails. 

CABLE doscramblersi Build your own do- 
scram bier for less than S 12.00 in seven easy 
steps. CompJelo instructions $10. 00. Radio 
Shack parts fist ar^J free descrambltng moihods 
lhat cost nothing lo try mcJuded HARRYWHITE, 
PO Bojf 1790. Baytown, TX 77520. 

PROTECT voursetl and equipment from electrical 
stiocits Complete unit S9B.95. SAFETY-UN- 
LlMtTEO. 1743 Baldwin Road, Yofkiown. NY 
lOS9fl. SHS5,00. 



FREE CATALOG 



FAMOUS ^^FIRESHK^' BRAND CB ANTENNAS 

AND ACCESSORIES, QUALITY PHODUCTS 
FOB THE SERIOUS CB'er. SINCE 1962 



FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 
PHOENIX, ARIZONA 85034 



CONVERTERS — Doscramblers, Jerrold Star* 
com e. S.A. 85XX. Oak RTC, Tocom VIP, Zenith, 
all bullet prool. lowest prices, best warranty, 
CCD. orders welcome, ULTIMATE CABLE 
PRODUCTS, (702) 646-6952. 

PCB: Printed orcuit t>oard art work made lo your 
specifications plotted on transparency Muiti layer 
and surface componont capable Circuil tioatd 
production avarlat>le, tree estimate send scho- 
matic to NEQRON ENGINEERING. 1S9 Garfieid 
Pl at^. Brooklyn, NY 11215 Fa;< (718) 7&8-4Q2B 

PLATED thru ho!c pnnted a rousts, S25.00 mani- 
mum. Fast turnaround Foi more mfonnaiion call 
A.R CmCUrrS, (403) 25O-3406 or BBS {403) 
291-9342 (S.n^ 

IS It true.. Jeeps for SW.OO through the U.S. 
gov t? Call fOf fads ^504) 649-5745 ext. 3-5192 



CABLE TV DESCRAMBLERS 

iir CONVERTERS ★ 

and ACCESSORIES. 



I 



DOir TRENT! 



PANASONIC. JERROLD, OAK. 
PIONEER. SCIENTIFIC ATLANTA 

AND WORE LWVEST PRICES FHEE CATALOG 
CABLE READY 
COMPANY 



(800)2344006 



OESGRAMBLERS-Converters, 1 piece com- 
bos. 8SXX DPV-S S179.00, Tocom VIP 
S25O,00. Zanllh $199,00, full warranty, bullet 
proof. S.A-C> 1 (800} 622'3799> 

CABLE converters. Oak RTC-56 S99.00. Jerrold 
DPV-5 S189.00. Zenith 1086 $225.00, Tocom* VIP 
S250.00, S.A. 65 — $179.00, Hamlin 
CRX'66003M S99.00, Sytvania 4040 010 $79 00, 
all makes in stock, luily bulie; proof. MOUNT 
HOOD ELECTRONICS i?06) 260-0107 

BULLET prool descramblers-converters, all 
makes, best pnces. examples Star com 6 $179.tX). 
Oak RTC-56 Si 09 .00 Tocoms. Zenith. Soentflic 
Atlanta, m stock, lull warranty. KABLE KONNEC- 
T10N (702^ 433-6959. 

JERROLD Impulse digital converter. Upgrade 
your 400 450 untl to this latest system. (312) 
896-5819. 

TEST equipment pre-^jwned ai atfonjahle 
pfices. Signal oeFieraiors Irom S50.00, os* 
aSbscxipes fmm iSO 00 Olhef e<iuipmeri! indud- 
ing manuals available Send S2.00 U.S for 
catalog refunded on first order. J.B, ELEC^ 
TRONrCS, 3446 DempSlet Skokie, IL 60076 
(708) 982-1973. 



GENERAL Irtstrument DPV-Ts S250,D0. Sdsi 
tjlic Atlanta B5ms Si 50 00. Tocom's S150 00 t 
S25O-0O. CABLE WORLD, t (60O) 234-7193, 

CABLE TV conveners. Jerrok!. Zenith. Pionec 
OaK Soeniific Atlartta, and mafty mere. 12 yea 
experience gives us the advantage. Visa/M 
Amex COO ADVANTAGE ELECTBONICS, INC 
1 fBOO) 952-3916 1125 Rivofwood Dr.. BumsviA 
mS 55337. 



Qualilv Microwave TV Antenn 



WtRELiSS CJ^U ■ IFT? ■ tAmS ■ Am^t^^ur 

m9 mh Ciirr hmi*] * isti^m t j i» 2.7 1 

* 5S*Chflnnel Dish Syatant 

- 3S-Cti3nftd DiSh System St49.95 

* 20-Ch4nnoI Dish Syftem SlZ4.aS 



PHtUiPS^TKH aeCTROWCS 
UFETUiE 9477700 [SJ DO OeM air ttm or 



CB RADIO OWNERS 



We special lie tn a wide variety of technic 
infarmaiion. parts and services for CB radit 
10-Meter and FM convefsion kits, repair book 
pisns, high-performance accessones^ Thousan 
of satisfied customers since 1976! Catalog $2. 



CBC INTERNATIONAL 

P.O. BOX 31500RE, PHOENIX, AZ 8S0 



RECEIVING TUBES 

OVER 3080 TYPES IMSTOi 

Also tia-^d-tO'iind tfarvsformars. ca 
tors and pans for tu&e equtpmenl. 
Send S2 00 for out 32 pagB cjHto 

ANTIQUE ELECTRONIC SUPPI 

8221 S Maple Aii^.'Tonpe, AZ BiJ:*. :l 5^0- 




WIRELESS CABLE RECEIVERS 1.9 TO 2.7 g| 






V'fii v.Vi.'.;.=.i::ir M :.r-;rfr,t J 
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pc^iaxfiiu? cutMOCOt 
PHDtiiu.ui^7 uiam 
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REMOVE 

LEAD 

VOCALS 

From 



B^fia thi« hit whicii nmovt 
vocftils horn standard utoiiNi t 
CD*!, tapes Df FlM bfoidcjtf 
along wtUt the b«c»<Qre«ftd 
Um imth any home corr 
it«f«. Adifitunal aOiii n 
ypuf vole*. HwA mte* if 
Pr»-u»Rbl«iS bo«n^ aJ» 
nblp Wfile for fre* 
Woeder TechnDtc^ies, F^i 
421, Batavja, Ohio 45103. 



CABLE TV DESCRAMBLERS 

VIDEO STABlLIZEJf?S AVAILABLE & Bullel Prolectors " 



TOURISM 

A VISION OF AMERICA 

Nothing matches the 
excitement of America's 
dties. Being there, travelfng 
from one place to another, 
and experiencing America's 
many wonders is what 

tourism is all abouL 
We benefit from travel m 
so many ways. Tourism is a 
S3 50 billion" industry that 
creates 5E5 million* jobs 
and produces a $73.7 billion 
annual payroll. 
Tourism works for America 
'^ndfor 




fWHY RENT? 
$AVE! SAVE! 



CABl£TV 
DESCRAMBLERS 

JERROLD • OAK • HAMUN • ZENtTH 
PIONEER • SCIENTIFIC ATLANTA 

READY-TO 'SHIP! 

6 MO^rTH WARRANTY ! ABSOLUTELY 
LOWiST WHOLESALE/RETAIL PRICES! 

MASTEfKARD' VISA -AMEX^COJ). 

FREE COLOR CATALOG ! 

1 (800) 950-9145 




The Time Has Conoe... 

u> sens fit tilt liiXcbi copy of tli« Jte 
Ccr.£UEier Inforraatlon C«ialag. H imM more 
ttiAn 200 £r«« cr lov-ccst govnrEiiniont 
publJcations Sond your name and addre^ to: 

CoxLEumer Inf onutloii Gimtsr 
I>ttp«ttm«iit TMLf ViamWOt Coloxmdo 910O9 



REACH 
FOR THE 

POWER. 
TEACH. 



No other pfofession has this power. 
The power to wake up young minds, ihs 
power to wake up the world. Teochjers 
hove ttrat power Reach for it Teach 
For jnforrrtation call: 



1-800-45-TEACH, 



Recruiting 
New Teachers, Inc. 



Covrttoim $*n/ic& - DiacotMii Mam - Fmt Shipfimff 

nLLaEaROflicscoRP. 

Mall Ofder Eloctronlc Parts And Sup pities 

R O. Box 567 - Van Nays, CA 9 1408 



LASER POWER SUPPLY 




Epoory encspi utaled pamttr vjppfy (of up to 
2 mW luwi. 4 1/r X 1 1/r X t 7/ir. 
Inpot: 9 Vd€ @ 1 trrp. Oulpul tUrling wHo^s: 
7 to a kV. Opwatng vo.'tage: 1.1 to 13 kV 

0.250 qucK oofuwd tAfrrimli for ou^Hft 
DOdvd WW9 iof inpul, 
CATiLPS^I t35.00«h 



RECHARGEABLE 
Gell Cell Batteries 



L U a a i bb in any po»^iori. 



6 VOLTS @ 1 .2 AMP/HOURS 



r X r high. 
CATtOC^tS 



12 VOLTS ^^ AUP/HOURS 



Two G voN 10 AA^ 

01 a iin{fla 12 voti 

sfis; 6" K 3W X 3.75" 
CAT«GC-121CI $35,00 9«eh 




/MOTOR SP£EZ? CONTROL 
AND TIMER 



With a mifiimum of 
extflrnnl wirmg. Xbh 
PC boani wil eonlrol 
th«spa«d and 
duralon d a 120 Vk 




•divMtd, maior vittcparaia for 10. «r4a iTifM«i or 
oominiiouitly ^ h»gh, madiufn or low ipsed. To tirrpftly 
hook-up *w TWommwMl uiififl ovf macttirari* keypad, 
CATf KPM't2(lU25oa£:fi) whk^, wth tlgrt mod-ffiea- 
tbn, workft imH wilh this devico. In si ructions Included. 
CkT»m04 S3.00oadi 



FLASH UNITS 



NEW conpaci flash 
asswrbln Irom a 
caffwa maniiadurar. 
QporatH on 3 Vdc 

MeaaufM 2\fZ'X\ 1/4". i ^_ ^ - 

wanung ugh: or atlwitjDn 

B«aaf. Indudoa a hooii^up cSjg^'am, 

CAT* fSH-l $3.75 sACh - 1 0 tof m 00 
TOO for S37S.00 




TOLL-FREE ORDER LINES 

1-800-826-S432 



hf tfM *S cor^Twtji U S A S3 &0 psr ofzitr AlatfvTS 
fKiu^ng AX^ Hi, PR or C^raOM miat ptf hjt %hfi(Hfig. 
AM dtt^mf n CAJ. fOf^iA mtMt ridtJKif rtai* 

m (F if / ? 75%, n 25% s 5%; ajtnsmm 
Umttd. titO C O D Ptxi&ssobftrct to >*^'Q*^ notic* 



FREE 64 Page Catalog 

Th« U S JL S«nd S2.00 Po«liga} 

ALL ELECTRONICS CORP. 

P.O. Box 567 ' Van Nuys. CA * 91408 



IM 



J V The /National Travet and 
^Tl^ikssm Awareness Council 



CABLETRONICS 



CONVERTERS 

1>4UtiUn 



PANASONIC TZP 145 $88.00 
STAR GATE 2000 S79.00 
'HAMLIN MCC 3000 $25.00 



5 Unltfl 10 Unha 

$75.00 $70.00 
$69.00 $65.00 
$19.00 $15.00 



ADD<»N DECODERS 

S8-3(NEW) $50.00 $45.00 

*SB-3 FACTORY $45.00 $39.00 

SA-3 $56.00 $50.00 

DTB-3 $65.00 $55.00 

KNi2A-2or3 $49.00 $45.00 

''H AM] LI N MLD 1200-3 $49.00 $40.00 

*ZENITH SSAVI $1 65.00 SI 49.00 

SA-DF $159.00 $139.00 



JERROLD DPV7 
JERROLD DPBB 
SA8580 COMBO 
•JERROLD DRX-3-DIC 
JERROLD DR2^3-DIC 
*OAK M35B 
HAMLIN SPC 4000 3M 
ADD $10.00 FOR VARI5YNCH 



COMBOS 

$299.00 
$319.00 
$299.00 
$165.00 
$175.00 
$45.00 
$50.00 



S2 49.00 
$259.00 
S225.00 
$105.00 
$115.00 
$35.00 
$44.00 



$43.00 
$35.00 
$45.00 
$50.00 
$40.00 
$35.00 
$1 25.00 
$125.00 



$239.00 
$249.00 
$215.00 
$89.00 
$99.00 
$30.00 
$44.00 



Refurbished as New 



QTY 


ITEM 


OUTPUT 
CHANNEL 


PRICE 
EACH 


TOTAL 
PRICE 
































QAtifcfnJa Ptnal Cede <593-0 Fotblds ui from 
■tilipplng any ciibis descrambUng; unit to 
anyone rnlding In Uie siata of call fern la. 
Prices Aubjeet to ehanQ« wrlthout notice. 


SUB TOTAL 




Shipplnii Add 
5.00 Per unit 




Add a% 




TOTAL 





Addles ft 



O Caa hi af ' » Ch«e k D Mon ey ordor 
□ vise Dmc CC* 



Tal:( 



_CiV_ 



J 

□god 



_Exp. Dalfi_ 



DECLARATION OF AUTHOFUZHD USE- 1, ttie undmslgnad, do hareby declere 
under penalty of perjury that all product! purcfiaaed, now and In ttie future^ 
w^li only be used on TV tyitemi wltti all eppM cable federal and itate Jewa, 
FEDQ^AL AND VARIOUS STATE LAWS PROVIDE FOR SUB3TANTJAL 
CRIMINAL AND QVIL PENALTIES FOR UNAUTHORIZED US& 



Date 



SiQfled_ 



Cabtetronics 

9B00 D Topanga Conyon Blvd., Suite 323, 
Chatsworth, CA 91311 

For Free Catalog, or to place an order call 

(800) 433-2011 ■ FAX (818) 709-7565 




One trvt' can malif 



One matirh can bum 



CONSUMER 
R 

N . 




.Nirw toLid^ttAte and d^ptal 
TV miM^ timncA^ and md- 
efflTOiriSert sr* tuugJirr to rr- 
pair tiiJiii ^Itl'faahianed ii^ 
tyjtt vfta nnd r^vdr^ apecial 
tnininif for ihf servi<r t*-ch- 

Only n ft-w ntutc^ havt? hvf$ 
mqmntig ctHmfMtenc} trst* 
Tor tiemiuic l^rhTiimnt *iho 

tnjt fiht/m jem agit tlw Izi- 
icTAJiUsBil Sptmty «f Ccr- 

( CUT » befim ilA own orfi if»M' 
don pm^raiB to E^ualijy th*** 

tK^IU£Uflf And tiwK ITl to- 

duitry. To tarry tb« CET det 
igiuit[on» twhnkiaiu ifiu»l 

and pQJL»« n^iii rxBniinAiion 
on tfrii«<rtil rki tnontcfi miA ci 

mn ftudio' Of mdis-TV. 
Many c»n*URWii: lock for a 

cian in Um* fthop wbcn 

pa-;iT4 

A cnpuiuiTiirf i:h«<kliiii hr 




Modern nloctrDnic equips 
ment tuch as digital TV» 
c»r itcteot ihould be r«- 
p&if4d by iirteiJinv triirMd 
pnpla 



ELvtipni, M-ir addfriMrd tt^ 
vrlop^ lo; iThrckljst, I^^CJ-JT, 
2~f^ Wfrst rry. Fa rt Worth , 
TX 7<1109 Tht- Ust rtrmlndfi 
canKumiL'ni u> rticck Htich 
itirt9i« n* "IVm* the bu^inCAs 
hiivfi ihif [utrti for your par- 
ttatlar bnnd'*'^. "Did you |e<>i 
afl «]»iiTnBtrd i^rievT., and 
"Pidl ynu thftk thia cDirtpany 

BarratiT 



MC /cm / VISA 
NO RDRIDA SALES 



CABLE TV DESCRAMBLERS 



WORLDWIDE CABLE 

* BASE BAl^ • POS^n 

• TDCOM - ZENITH 

* SOeJIFC ATLANTA * OAK 

• JERflOlD • KAMLM 

1 800-772-3233 

1^91 A POWERLIVE ROAD. SUlTi 109 
POMPANO BEACH, FL 33063 



/ ELECTECH / 

CABLE T,V. DESCRAMBLERS 

• All qyalUy brand names ^ 
• All fulty guaranteed - AlMhetime * 
KnowlecfgE?ab1e Sales Service Department 
FOR FREE CATALOG 800-253-0099 



C ABLE TV litters, Cfiu^r lypd. The best made^ 
chamsli m^kim^ Low prices. Quaritty dis- 
counis. Can 1 (fiOO) 643-9170 ejct. 170. 

DESCRAMBLERS and [Ufn-<>n kits, no eO0#. no 
catalog, gust the best prices! We' El b^al any logili- 
mate pnco — call for details. (407) 852-9576. 

300 Experimenters Clrculls — Compieio in 6 
practical books usino diodes, relaySn FEFs, 
LEG'S, IC 555 s, and IC CA3130s for building 
biocks. Only S33.00 ^us S5.50 for shtpping. USA 
ajid Can^ only. US funds. ETT, IKC*i PO Boi 
240. Massapequa Potk, NY 11762-0240. 



ANTIQUE RADIO CLASSIFIEE 
Free Sample! 

Anttquo Radio's r 

Largest Circulaibn Monthly. 

Articles, Ads a Classifieds 
6-Month Trial: $15. 1-Yr: S27 ($40*1 st Class 
A,R,a, P.O. Box 802-L3, Cartisle, MA 01741 




CABLE TV convefiers: Jorrold, Oak. Scientific 
Atlantic. Zenith A many othOfS New MTS" stereo 
add-on: mute & volume. Ideal for 400. and 450 
owners! 1 (800) 826-7633. AmeK, Visa. M.G ac- 
c&pled B & B INC., 4030 Beau- D- Rue Or\^ 
Eagan. MN 55122. 

ELECTRONIC lest equipment and parts. Fret 
catalog. EF ELECTRONICS, Box 326. Aurora, IL 

60507. 

CABLE TEST CHIPS. S-A 8550. S-A 8500 - 
310. 311. 320. 321 {speciJy) — $33.95. S-/ 
asaO 338 — S69.95 TQCOM 5503O7 VIP — 
S33.9S Siarcom 6 — S33 95. StaJXOm 7 — 
S49,95 TELECODE, PO Box 6426-RE, Yuma 
AZ 85366 6426 

CABLE TV descramblefs! Absolutely the lowes 
prices! All m^^ijor brands. Nobody beats our prices 
CABLE PRICE CLUB, t (flOQ) 377-9742 

PREVENT de^rambter damage. Donl bita thi 
bulteti! Snooper Stopper Data Pulse Blocke 
S33.95 with Surge Protection S44 95... Wii©ies 
V^jeo S^^ndof S34.95 VCl, I 1800> 925-9426, 



.i 



FREE CATALOG! 
1-800-648-7938 

JERROLD HAMLIN OAK ETC 

CABLE TV 
DESCRAMBLERS 

• Sp^cisl Oeahf Prk:esf 

• Compttfo ouf Law Aetoif PricBS! i 

• Guafanmd Prices A Wananim! 

• OfUBfs Shipped trnmedfamiy! 

REPUBLIC CABLE PRODUCTS, INC. 

^ 4080 ParacJise Rd. #15, OeplnciTE»j rn 
Laa Vegas, NV 89109 irrj 
for all Qthef informalion (TQg) 363^9026 



PAY IV AHO SAmUTlOESmMgUrfG 
ALL IitVV tW^EPmOH Ail NEW 



ScrlnUlag Hm, ^S^ HarUI toi.. 



FREE CATALOG 



^ CABLE T.V. BOXES - ALL TYPES 
• LOW PRfCES - DEALER PRICES - 




EASY work! Excellent payf Assemble products al 
home. Call toll free 1 (eOO) 467-5566 Ext. 5192. 

HOME assembly work avaiiablo! Guaranteijd 
easy monByl free delails^ HOMEWORK^R, Box 
520. DanviHe, NH Q3B19. 

M0NEYMAKERS1 Easy! One man CRT rebuild' 
inomachtnery, S6 9CK3 00 rebuilt St5.9OO.O0 new 
CRT, 1909 Louise, Crysialake. tL 50014 (815) 
477-8655 FAX (815) 477-7013 



WAKE S75,O00.00 to 5250,000.00 yearly or mote 
ftx ng IBM cotor moftrtofs. No imestineni, start 
doir>g fct from your home (a tel^Dhone reqmred). 
Information, USA, Canada S2.00 cash fof bro- 
chum, oifier countries SlO.OO US turtds RAN- 
DALL DISPLAY, Bojc 2l6a-R, Van Nuys. CA 
91404 USA FAX (818) 990-7803 



EDUCATION & INSTRUCTfON 

FXX, Commercia) Genef^l Radioietephone li* 
cense. Etecirontcs home study Fast, inexpen- 
sive' Free' derails COMMAfJD. D-176, Box 

2824. San Francisco. CA 94126. 

ELECTRONIC engineering. 8 volumes com^ 
pleie. $109.95 No orior knowfedde reoutred, Fre# 
bfOCimra. BANNER TECHNICAL BOOKS. 1203 
GrarH Avenue. Rockfofd. IL 61103 

LEARN electronics and digitai basics. Pro- 
grammed courses. Si 7,00 each, bolh S29 00. 
Saiisfaction guaranteed. TEK SOURCES, 6050 
NW 6Sth SL, Pa/kland. FL 33067. 

BUILDINGS A Robot: A Stralqhiforward Approach. 
152 pagos fully iHustrated. Tnsiruclrons how you 
can easrly const rucl a robot Chock or money 
order Sl9 95plu3S3 OOsh ppmg. HUMANFORM 
ROBOTICS. PO BOK 158486. Nashville. TN 
37215. 

WHY Buy e^ipenslve batteries? Lsam how to; 
salvage vjrtua'iy Iree rechargeable nicad batteries 
from doturKl baTtery p^ks. Use these oefis m 
radios, flashlights, etc SAS£ bnims deiaUs. DAY 
BY DAY PUBUSHING. Box 490, Ovefton, NV 
89040. 

MlNfATURE gambling computer Play perfect 
biack|ack. dock foulette wheels, etc. Free infor- 
rriation ALT ENTERPRISES, Box 424, Porifand. 
OR 97207. 



SATELLITE TV 



-REE catalog — Lowest prices worldwide. SKY- 
/ISION, 1012 Frontier. Fergus Falls, MN 56537 1 
eoO) 334-6455, See full page ad the Shopper 

^tion. 

SATELLITE TV — Do il yourself — major braiwls 
nscouni&d. we [J beat everyone s price DIS- 
:OUNT t^RRY (609) 596-0656. 

/lOEOClPHER ft, descrambling mafiual. Sct>o* 
riaics. Video, and ajcfo Expia DES. Eprom 
:ioneMaster, 3Muskeieer. Pay-per-view (HBO 
^inemax, Showbme. AduEl, etc ) Si 6 95. S2.o6 
lostage Schematics tor Videocypher Plus 
120 00. Schematics ior Weocypber 032. Sl5,0o! 
k»t:eciJon of software to copy aiKl alter Eprom 
odes, S25.0O CABLETRONICS, Box 30502R 
tethesda. 1^0 20B24. 

ftUP€R row satellrte prices. Free U,3. and Inior^ 
laiJonal caialog. SATMAN, (309) 692-4140 (fnt'l) 
(900) 472-8626 In U S. 



BUSINESS OPPORTUNITIES 

'OUR owin radio station! Licensed unlicensed 
^M, FM. TV, cable Infonmaiion Sl .OO BROAD- 
CASTING, Box 130-Fn, Paradise, CA 35967 

ET the government fmance your srr^l business, 
irants loans to S500,000. Fjeo recorded mes- 
age (707) 44&.6600. (KSl) 



CABLE TV 



-800-582-i 11-4 



FREE CATALOG 

UARAHTEED BEST PfifCES • IMMEDIATE SMIPftHG 

M.K. ELECTRONICS 

Ptn<f3 Blvd, Suirc 276 
Ptmbrohe Pines^ FI J3D(24 



CABLE TV 

ESCRAMBLER LIQUIDATION! 



FREE CATALOG I 
in Un Combo a S44. Oak M35B S60 (min. Sh tic. 



NBST COAST ELECTRONICS 
For Information; 818-709-1758 
Catalogs & Orders: 800-628-9656 




* * * itmESEWTlNG * * * * 

CABLE TV 
DESCRAMBLERS 

STARRING «««ir« 

JKHRfHIl, HAJMUN. OAK 

AHiO OTHtff FAMOUS M^UFACtUfff es 

- f JNEIT WAf^A^jry PiroGRAJW AvAJlAa.£ 

• U>V£Sr R£TA4f W^-KXfSALE mC£S IN l/S 

• Ml MAJOtt cnOfT J^CEVTfO 

FOR AU rNFORMAHOIV 
^ — l-tW^345-Znj ^ 



PACIFIC CABLE CC INC. 
7325> J Reseda Blvd..Oepi 2120 
I Reseda. CA 91335 



BEST BY MAIL 

flmr WrflB Wttlcnal, Box 5, Si moll, FL 34230 



OF INTEREST TO ALL 



FREE PROFITABLE 

Avef^u* G. For! V&tJ'; 



INFORMATION: 



HERBS 4 Sf^lCES 



HERSS. SFlCfS. SASt f^erb Se-^s*. 1012 irvJng St Bo* 
San Francisco. CA 9^122, 



LEARN gold, sitver, platinum scrap rocydtng busi- 
ness. ^Fre©) (nformation. Wnie: RECVCUNG* 
Box 11216PE , Reno, NV 89510-1216. 

ELECTRONICS dealers: Expand your product 
line Make SSS! BtKome an AM ERIC AN ELEC- 
TRONICS deatef ! Profii opportunities sinco 1965 
Call ScQtl Pfugtt. I (800) 872-1373. 

SATELLITE Television. A new money making 
business A 4 hour instaJt makes approitfmatoEy 
SSOO.OO and service rates average S50 00 hr, E)t- 
ceClent pari or full Irme income. Get sLirted. send 
lor your trainifig kits loday. Home Saleliiio televi- 
sion kit S39.9f Commercial Salellrte kit S49.95, 
Order bolh to roceiveyourfree vkJeo and suppltes 
ItSL ENTERPRISES. Box 76051 SnawUre 

Blvd SW, Calgary. Alberta, Canada T2Y-229. 



I 

■ ^ ^ '*c*»li»IC«fiifMt«TWii4nt,0^ 

^ 224S P**iratft» Pk . JUIinU. Gfl<»rgU 



Learn CoMPUTERsJl 

Homcatuci-y tft?conii? .vi npcrt wLm ihe I 
p*t%Or^i eSfr.pi.teT tor home oi btuirne-ti g 
UM. ¥tn lltenlurt i c Mtt BQO-n^S*!. | 

I 



1 



WANTED 

INVENTORS: We submit ideas to indusiry Find 
out what we can do for you. 1 (600) 288«fDEA. 



INVENTORS 



I^ONfTOR CORDLESS TELEPHONE C<jnvorsa|kjn5 from 
your riomB Of cfli, Fof dslaSIs send StOOO to' Bennett 
Dlsinbylors. B2* EA Rana Rc^id. SulSu 186. ArllfMilon 
HetflMa. IL 60004. ^ 

FREE HOME POSSIBLEI SenaitH* monoige ftyatem 
leveata! J wst S3 00: J EN HON. Box MHf^B, Bitivi*. m 
14021 



NVENTORS! Canpu pater^I and profjl Irom your 
dea? CaEI AMERICAN INVENTORS CORP. for 

Ir^e pnformaiion, Sen/ing inveniors smce 1975 1 
(800) 338-5656. 




MASTERCARD AND VISA are now accepted 
for payment of your adverlising. Simply 
complete the form on the first page of the 
Market Center and we will bill 



BUY BONOS 



I] 



THE ELECTRONIC GOLBMINE 



OAS 1,401) 



INFRAR^ DETECTOR 
lOT 

06441 S5." 



C6447 S39 « 



0 



FREOEION 

KICtI SPEED 




COKTROL PANEL 



•Hdf b M - U til s«* 

G2741 S1,**J 



MUSIC 
MODULE 



mm te* *T t «Y «d 




fn^tprn Thiv Eir«wii«Eir^Lim. i 17fciv 

Ai Ml Vh «■;■ «Me Uia "toi^ hudv 
jtt> ^ Tim fiMigiiirgrB Qjfior 



Sao o^eea m tht £i»3sirc octxrme 

PHONE ORDERS «1<T«4 FA3( ORDERS ^St'^flSS 



CmCLE 1 W OK FFIEE tNFORMATIOK CARD 



I Convener^. H emote Cnntrnk, [)esagrnblg^ 



DESCRAMBLERS 



Oi 



I 



98 




All major brands carried 
*JERROLD, *TOCOM, *ZENITH 
♦GENERAL LNSTRUMENTS 
♦SCIENTIFIC ATLANTA, *OAK 
♦HAMLIN, ♦EAGLE, ♦PIONEER 

7th Yciir in business. Thank You 

Member of Omiiha Chamber of Commerce 

1 Year warranty on new cquipmcnl 

30 Day money back guaraniec 

Orders shipped from stock wiihin 24 hours 

CALL TODAY FOR A FREE CATALOG 

1-800-624-1150 



M IS C.O.D. 



% ^> 875 SO, 72nd SL 



Om^ha, KE 68114 



ADVERTISING INDEX 



Electronics Novv does not as&ume any responsibility for errors that may appear in the 
index below. 



Free I nf or ma I i on N g m ber Page 

m AMC Sales... .22 

75 Ace Pniducls 87 

107 All Kkclrunlcs. ., ...95 

84 ApplUinci' Service MT 

176 Bi^kman Induslrial 12, 13 

177 Beckmun Industriiil ..... . 22. 23 

Ift9 C&SSales 15 

— CIE. ...8 

— Cabklronics 96 

— Com ITU1 nd Prod u ct ions 

127 Dcct> Industries , , K7 

194 Electronic tiotdmiiie «/K 

— Elrdninics Book Viub . , . „ . 7, «0 

121 Flu ke M a n u fac t u rt Ji g C V2 

192 Fordham . 17 

1K2 Gldbul Spiciiiltics 3 

Gntfldiam College .60 

I9Q HAM EG InstnunrfiU .26 

86 Hcalhklt. 89 

— HighTeiit Puhficatlnns, tnc 7ft 

IH4 ICS Computer TVuining 89 

— ISCET . - 79 

114 Jameco ^_.92,93 

115 Jcm.cn Tools ,87 

tSl Kcpco Inc .25 

53 MD Eleclronics 98 

117 ^Suu.sc^ ..V 12 

— NRI Schools.,. .18 

1 79 Nort h cast Electronics 13 

1 80 Ptople^s College 29 

till Pomona Klectronlcs 71 

7H Radio Shuck. 311 

192 Scope Eicclfonics 17 

193 Sencor* CV4 

— Star Circuits 87 



Free Information Numtser Page 

187 Tech Spray 25 

178 Tiktronix 27 

— rhe Sl»EC-COM Journal , 85 

183 The Sthw»l Of VCR Repair . , , . 85 

1 9 1 Vicjo hi t cations « 79 

188. 189 Zcntck Corp, 73 



ADVERTISING SALES OFRCE 

G«rn«lui?k Publications, Inc. 
500 B Dl-Couoly Blvd. 
Farmlogdale, NY 11735 
1-C516) 293 30QO 
PretjdenI: Larry Stvcldvr 

For Advsrtlming ONLY 

sie-ads-aooo 

Fax 1 516*293-3115 

L»rry Stickler 

publtsli«r 
ChHttlna Estrada 

a^sistiint to the Pmiidenl 
Arltns Finhman 

advertising director 
DtifilBo Mullen 

advE^rtiiing a^istant 
Kelly McQuade 

credrt manager 

Subscnb#r Ctt*tan»r Service 

1-800 2830652 

Order Entry for New Submcribera 

1 '800-999 -7 139 

7;00 AM • 6;00 PM M F MST 



ADVeftTISiNG SALES OFFICES 

EAST/SOUTHEAST 

Stanley Levltan. Easlam Adv«rttstng Sales 

Manager 

Electrunics Now 

1 OvoH{>ok Ave, 

Great NetV, NV 11021 

1-51 6-437- 93 57. t- 51 6-293-3000 

F» t'516-437-8402 



MlDWEST/Teus/Arkan«aB/Olita. 

Ralph Bergen, Midwnt Advertising Salem 

Manager 

Electron ica Now 

One Nofthfiiild Raia, Suite 300 

NoFthfield, \L 60093*1214 

1-708-446-1444 

Fai 1 706'559-0562 



PACIFIC COAST/Mountain Stataa 
Elect ronlci Now Magaxina 
Pamela Kuxter 

PattiV3M 

1800 North Highland Avenue 
Soite717 

HollywDad.CA 90028 
EN Shopper 

Joe Share, Natiooat Bepreientative 

RO. Box 169 
tdyifwild. CA 92549 
V714^9^9743 
Fax 1-714'65§-2469 



CIBCL£ £3 OH FREE tHFORUATION CARD 



Countersurveillance 



fever before has so much 
rofessionai Information on the art 
f detecting and eliminating 
lectronic snooping devices — and 
ow to defend against experienced 
iformation thieves— been placed 
1 one VHS video. If you are a 
ortune 500 CEO, an executive in 
ny hi-tech industry, or a novice 
eeking entry into an honorable, 
marding field of worii in 
ountersurveiliance, you must 
iew this video presentation again 
nd again. 

Wake tip! YoLi may l>t' the victim of 
olen words — precious ii;ltM5 tkac would 
ivc rniKie you very weairfiy! ^'cs, prof'es- 
onals, even mrik amiucurs, may be lis- 

rting 10 your mosr private con- 
^rsarions. 

Wake fipl Jf you are not the vietim, 
len you arc surrounded by countless vic- 
rtis who need your hei[> if you know how 
) disct>ver teieplione taps» locate bu^s, or 
Avccp" a room clean. 

There is a thriving professional ser^'ice 
ccped in hi^h-tecli techniques that you 
m become a part oV. But first, you must 
n t J w a nd u nd e rs t a nd C a » u n te rs u r ve i I ance 
L^chnolo^y Vour very 6rsr insight into 
lis lujL^hly rewarding field is made possi- 
le by a video VHS presentation that you 
innot view on broadcast television, sat- 
lire, or cable. It presents an informative 
ro^ram prepared by |irt)fessionals in the 
odd who know rlieir industry, its tech- 
iques, kinks and loopholes. Men who 
ui tell you more in 45 minutes in a 
rai ghr for ward , exclusive talk than was 
/CT attempted Ix-fore. 

I'o i I i n g I n f o r ni iit i o II Th i e^ es 
Discover the targets ]> rofessionai 
iWfK'rs seek out! llie [irey are stock 
rokers, arbitrage firms, manufacturers, 
]gh -resell companies^ any competitive 
V d us t ry, ( J r e ve n small 1^ u s i n n esses in t h e 
I me eommunity I'he valuable itifonna- 
on they fikli joay be marketing strat- 
>ies, customer lists, product formulas, 
lanufacruring techniques, even adver- 
sin^ plans. lnfr>rmarion thieves eaves- 
rop on court decisions, bidding 
iformation, fmaruial data. The list is 
niimited in the mind of man — es- 
ecially if he is a chieH 

Vou know that the Russians secretly 
IS railed countless niicro]iht)nes in rhe 
m Crete work of the American Embassy 
uilding in Moscow. They converted 




HAVE YOUR 
VISA or MC CARD 
AVAILABLE 

what wiis to be an embassy and private 
residence into the most sophisticated re- 
cording studio the world had ever 
known. The building had to be torn 
down in order to remove all the bugs. 

Stolen Information 

The t)pen taps from where the intorma- 
tion [x)urs out may be from FAXs, com- 
puter communicatitHis, telephone calls, 
and everyday business meetings and 
hi n c h f i ni e e net >u n te rs - H us i ness men need 
counselling on how to eliminate this in- 
formation drain. Basic telephone use cou- 
pled with rhe users understanding that 
someone may be listening or recording 
vital data and inforniatitHi greatly reduces 
the oppt^rtunity for others to purloin 
m can i ng lu I i n formac i on . 

I CIAGCIK INC. EN [ 

j Rl>. H«\ 4099 • I";inni!igdiik% NY 11735 " 

I l^k'.LSf riJiJinn iujn nf llu- t inniUT'*unLi]hiiiLt' Ii:i.h]i]t]L]<.:s I 

irH'li:iilr>^ ^ i i'tii poM:ii^i' .inil l],bnilljn>;^. I 

\£ >. ( al' i iiisvE't t ( jrtli'j'fi; \ ► . ' 

AnitHinc L»E |>j|timm * . J 

Sillf ^ c ;i \ i \ A . S. ( mSj ) . I 

Kin mj D VISA □Makii'Kiiitl I 

(jrti.'Vv ] 

pi ri- 1 niv / , J 

I 

Ntin^uurtr I 

V JOH" ^ I 

Aikkt^ I 

= S<aif ZIP j 

AH pj\fm-nts in I fiifiU^ * :4ri;Hli;;iii^ Jiikl * i.tNi pt-r \ 



The professional discussions seen on 
the I'V screen in your home reveals iiow 
to detect and disable wiretaps, midget 
radio- fretjuency transmitters, and other 
bugs, pl'-^^ when to use disinformation to 
confuse the unwanted lisrenerj and the 
technique of voice scrambling telephone 
communications. In fact, do you know 
how to look for a bug, where to Icx^k for a 
bug, and what to do when you find it/' 

Bugs of a very small size are easy to 
build and they can be placed quickly in a 
matter of seconds, in any object or room. 
Tixlay you may have used a telephone 
handset that w^^is bugged* It probably 
contained three bugs. One w^as a phony 
bug to f(K)l you into believing you found a 
bug and secured the telephone. The sec- 
ond bug placates the investigator when 
he finds the real thing! And the third bug 
is found only by the professional, who 
continued to search just in case there wt^re 
more bugs. 

The professional is not without his 
tools. Special equipment has been de- 
signed so that the professional can sweep 
a room so that he can detect voice-acti- 
vated (VOX) and re more- activated bugs. 
Some of this e^quipment can be operated 
by novices, others rc^quire a trained coun- 
te r s u r ve i 1 1 a n ce pro less ion a I . 

The profess itxnals viewed on your tele- 
vision sca'en reveal information on the 
latest technological advances like laser- 
beam snoopers that are installed hun- 
dreds ol leet away from the room they 
snoop on. The professionals disclose that 
computers yield information too eiisily. 

This advertisement was not written by 
a countersur%'eillancc professional, but by 
a Ixg inner whose only experience came 
from viewing the video tajx' in the pri- 
vacy <>f his home. After you review the 
video caretully and understand its con- 
tents, you have taken the first important 
step in either acquiring professional help 
with your surveillance problems, tjr you 
may very wx'll consider a career as a coun- 
te rs u rve ilia nee p mfcss i onal . 

The Dollars You Save 
To obtain the information contained in 
the video VMS cassette, you w^ould attend 
a professional seminar costing 53 50-7 5 1) 
and possibly pay hundreds of dollars more 
if you had to travel tti a distant city to 
attend. Now, for only $49-95 (plus 
$4.00 Pd<:I"l) yt)u can view Con titers u r~ 
veiliatict lechtiiifties at home and take 
refresher views often. To obtain your 
copy, complete the coupon or call . 




FmalK; there is a full featured, compatible, and complementan- anaU-zii- 
system specially de5iglied_ by ser\icei5 for ser\icers. This new system 
pmndes over tv\ite the analping power of any combination of non-intL 
instruTOBUs jfAUjowJod- At Sencore. we all it the 'Tech Choice S\-5len 



Introducing Th< 
TVA92TVVidei 
Analyzer 



Now Everything You Need ' 
Isolate TV Defects, Trouble 
Start-up/Shul*down Problei 
And Test Expensive Compo 
Plus, Accurately Estimate T 
Repair Cost. 

And, 

Introducing Th( 
VG91 Universa 
Video Generate 





Sin . , iJ* . 1 




cccic LIE* e 

[I cue: -.TTT 

f f [crrrirffP 




A Complete All Channel 
RF/IF/MTS Universal Videi 
Generator Designed To 

Perfnrmjinrp Tp^f And I^inl; 




I 



You can cuslom design your bench to fit your individual analyzing ne 
and add io the package as )wr business needs gnnv. Plus, with Senc* 
exchisi\ e commitment to the ser\ ice industry, you are assured that yo 
^■I'ct^in ini-^iciinfin)^ u'lil nmi-^i rniir hiKmp^^ ivith additional income 



uj-Koniinj:; compli?mentar\' instruments 



Call 1'800'SENCORE (736.2673) ext. 739 



CIRCLE m ON FRIE iKFORMATOK CARD 



